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A ESBACT

kis thesis discusses th6 Mudification cf an Ixs'.n

Cptimal Systems ConttCl FORTRAN Program (OPTSYS) crigimally

cbtaited frcm Erofessor Arthur E. Bryscn of Stanfcrd

Univ rsity.

The uc3ifi-d FORIFAN program (OPTSYSX) is now designed

to rut completely interactively under VH/CMS on the iZM 3C33

and is considered cczpletely compatible with similar cper-

ating systeffs.

rrogram capabilities include: complete eigensystsm

analysis; the ability to perform computations on very lazgs

multivariatle systems; contrcller, filter, regulatcr and

ccmpersatcz synthesis; transfer function analysis; steady-

state gain determination; ard xodal analysis.

The Frcgram permits users to rapidly carry out sizula-

tion, analysis, and design cf all classes cf Optimal Systems

Ccntrcl prctlems in a totally interactive mode. Examples of

various types of prctlems are wcrked out during individual

terairal sesions.
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SIMECLS

A stat (:'s,Ns) or cutput (No,No) weigh-tinq Tatrix

B = ccntrol (Nc,Nc) weighting matrix

C V ccntrol gair m-rix ( c,Ns)

D a ccntrol (Nc,Nc) or ncise (No,Ng) f:sdforward

aatrix

E v expected value
F a cpen-lcop dynamics matrix (Ns,Ns)

G * ccntrol distribution matrix (,s,Nc)

GA = state disturbance distribution matrix (Ns,Ng)

E = measurement scaling matrix (No,Ns)

K = estimator gain matrix (NsNob)

Ec a number of ccntrols

Ng = rumber of jzccess ncise sources

Ns = rtmber of states
to - number of ctservaticns or measuzements

P = ccvariance ratrix of estimate arror (Ns,Ns)

= white process noise covariance matrix (Ng,Ng)

R = white meas. noise covariance matrix (NoNo)

S = steady-state covariance matrix of ccntrol (Nc,Nc)

u = ccntrcl vector (Nc,1)

v = white measurement noise vector (No, I), with

zero mean ard covariance matrix R

w = white process noise vector (Ng,1), with

zero mean ard covariance matrix Q
%0 - ccnstant disturbance vector (Ng, I)

x astate vectcz (Ns,I)
j c estimate of state vector (Ns,1)

y - cutput/measurem-nt vector (No,l)
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The purpose of r s theSis is to describ- the :sive

modificaticn and imprcv-sent of an existing FORT-RAN prcgram

(OPISYS) used in tle study, design, and applicaticn of

Cptizal Systems Control thecry.

71is c tima I systems control program was originally

develcped ty Hall [Bef. 1] in 1971 to suPpoz. his resazch

in rctary-wing VTOL aircraft control systems. The latest

Frogzam acdifications were made by Walker (Ref. 2] ard Liu

[Bef. 3] of Stanford University, to OPTSYS 4 and CETSYS 5

respectively. These prograz versions performed quite satis-

factczily in the batch envircnment, but exhibited varying

degrees cf user hostility due to data input format zequize-

zents and incomplete program dccumen.at.on.

Tie original intErt of this work was to adapt alk n's

mcdified version of CETSYS to run intaractively under VM/CMS

cn the IEM 3033; hcever, the extensive modifications of

CPTSX.X rcw represent a high-level i-nzeractive applicaticns

software system capakle of integrated simulation, analysis,

synthe-sis and design of broad classes of optimal systems

contrcl problems. %ith OP7SYSX users may now evaluate

varicxs specialized cptimal systems control applications,

relieved of the burden of lengthy mathematical prcgram

develcpment.

It is assumed that the reader/user is familiar ihtb the

kaslc ccncerts of Ccrtrol Theory and Optimal Systems Design.
The probles descripticns and Frogram development fcllow the

terminclcgy and symbol/naming conventions of Ezyson

[Ref. 4].

Ar explanaticn cf the basic system of equations, the

terms and symbolcgy used, and a program overview including

the general methcds cf soluticn ar presented first.

9



Irterac-':iva r-rogiam develciment is then iss :'

a: xtJ~aio~cfSiv-3zal a-'e::alte OPt1:2z~ av.~~

problems deircnstrated in the interactive mlods, i!rcl'5-:a a

copy ct each terminal session. withi the final reau.1:-. A

complete program iisting is irciuded in Apps:dix A.



II. TH OPTSYSX COMPUTER PROGRAM

Cr"SSX is a double-precision FORTRAN program ez1lcyIng

modern ccnt:cl thaory analysis chnijus. Although the

Progaw has originall) wz'tt tc 1 yinztes.ze co-izr j o_

rotary-wing VTOL aircraft [Bef. 5], iz has been ix4-nsJvfly

zodi ied tc enable ccmtrclier, filt_-, and regulatcr

synthesis as well as transfer func-ioa and modal analysis on

cher types of large, multi-variable systems of equations.

She ptcgram modifications described i- this work ncw allow

rapid rumerical computer analysis in a completely interac-

tive mode.

E. SYSTIM/EODEL DESCEIPTIO i

CITSYSX treats a linear stationary system mod-i:

x = (F.x + jEG]u + LGA IMA]w (2.1)

cutput equation

y = £H]x + (D]u (2.2)

measurement equation

z = (H]x + (D)w + v (2.3)

where

u = ccntrcl vector (m X 1)

v - wbite measurement ncise vector (p X 1)

is = white process noise vector (q X 1)

x = state vectcr in 1 1)

-, ,fu ....• : - - --.= - :w.-.. -- n ...."' ' &'- '* ;- ' ' ,. .. . m ,. ....,.-- '- i 'I' 'u.,., g. = . , -11 .- i t



y - cltput vectcr (p X 1)

z= mcasurement victoi (Ft x 1)

1~ - h= : - - ' - ! - -- 4_C Z ': ;L

pian-_ mamrix) ; G jis t ii cozzro;. d.=ti!;ut a~ :zix;

[GAMMA] is -he procEss noise distribution matzix; fH] is the

measurement distribution matrix; and ani [D] may :spresc.nt a

feed-forward distribction mat=ix of either the pzccess roise

vectcz (b) , or the ccntzcl vector (u).

Tte w vector has zero mean value, and a ccvaziarce

inatrii (C], where:

E(w) = 0 (2.4)

an d

[C] = (ww "  (2.5)

Tke v victor has zero mean value and a covariance matrix

(R], ihexe:

E(v) = 0 (2.6)

and

(E] = ECVVr (2.7)

Itke .uadratic performance [or cost) index for the linear

guadradic regulator is the expected value of:

3 = l/ JY'EAJy + u (Bju)dt (2.8)

in the statistical steady-state, where (A] represents an

cut ut ccet matrix (a weighting on the output variables);

12



an- [E1 4 cc:-o. ccZ: (c: rOn:rc:. 't .. .... .

if sta te Wai hizng i=  5 Z .s rr _--

ty the :Identity zatrix (I].

C. EECGEAB OUTPUT

. Ce-Looj nss ¢acuial-

lh- initia! i c-tion of COTSYSX output inc u.s th

izogiai flc% control flags set by the user Zcr that parzzc-

ular run, the systef of equaticns being modeled, and the

cpen-lccE eigenvalue and eigenvector caiculations of thE IF]

matrix.

2. ieculator S _hesis Calculazions

in the soluticn to the optimal regulator prclim,

full state variatie feedback is assumed where:

(C] = (B_'jLC.?[S] (2.9)

and

u = -[]x (2. 10)

The control cain (C] is a matrix cf optimal gains

shich airimize the ccst index expressed in equation (2.8).

fcr optimal regulator synthesis problems, prcgram

cutput itcludes the closed-loop eigenvalues and eigervec-

tors; the ccntrol gain [C]; the closed-loop dynamics matrix

[F-GCJ; and the steady-state gain matrix (S), where (S] is

the steady-state solction to the algebraic RiJccati equaticn:

*f [7']S -S[G]CE'J(G]S +. (.H'(A](R) 0 (2.11)

13
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I,.

A Fal=an f i2xr c: Estimator which d _sc z :z

¢cnt.nucts time systEN may te urit-ten as:

x (F]x + (K](z - (.]x) 12.12)

x is the state estimate

[K] is a w rix of filter gainas,

and tke state covariarce is described by:

E ' ,x) = E4xx ) + (P (2. 13)

The filter cain matrix (K] of equation (2.12) is

cbtained frc the relationship:

[I'] i (pJ[R..t-)] (2.H R

uhere [E] is the steady-state solution to the algetraic

Eiccati equation:

[F:1 + PCT ] - PCFT[RrI][]ijr + (G][Q]G T] = 0 (2.15)

representing the errcr covariance of the estimate x. The
ccntzcl ccvariance is the expected value described by:

E(uu') ac:c (2.16)

For the Kalwan filter/optimal estimator syntkesis

problem, CETSYSX output includes the eigenvalues and eigen-
vectczs Cf the optimal estimator (Kalman filter); the filter

gains LK:; the error covariance matrix (P); the covariance

14



A

desc-ibid ir equatlc. (2.13), wher

fX] = xxT j2. 17)

and the ccntrol covariance matrix [U] described in eque:cn

12.16).

4. ctationaZ Ccsed-LcC: Calculations

7he stationary respcnse cf both sta-e and ccn:rci

are presented as roct-mean-square values of the state and

ccn:zicl covariance ratrices[X1 azd (U] described in squa-

tions (2.17) and (2.16) respectively.

E. SCLUTUCH &LGCREITBE

Cne ct the fundamental techniques necessary to quadratic

synthesis cf optimal control systems is the stbady-state
solution of the algetraic Riccati eguation. This is a ncn-
trivial task due to the iterativa na-u_-e of the solution.

7ke steady-state solution by any quadrature method
necessitates time ircrement selection no greater thin scme
fracticn cf the shortest period of the closed-loop system;
imposing a signif .cant computer solution time expenditure on
the user as well as the requiring an extensive ascunt of
computer storage caahility due to the matrix expansion
factcr invclved. Further, the possible necessity cf a

time-varying solution of these equations for optimal cpen
loop ccrtrcl or estization requires the inversion cf an
n X n matrix for each time increment where an unsteady solu-

tion Is desired.

A powerful and efficient alternate methcd cf sclution
was devilcped by Bryscn and Hall [Bef. 7], hased cn eigen-

vectcz deccmpositior of the eigansystem of the constant

coefficient EULER-LAGCANGE equations.

i



fcr the optimal regulatcr, these equations tak-, tL

Fo LL]a ~r:0 ~ ] [ ]

= A -F T

Fcz the optimal filte= or estimator, th= equaticn arz

cTf

x ~ Gaz*J*Gam
HT p TH LFT J

CETSYSX, and all earlier program versicns, use the

uetbcd cf eigenvectcr decomposition oi the EULER-LAGEAINGE
equaticns described in [Ref. 7] for quadratic synthesis cf

control systems. Ptcgram calculations are based cr the QR

algcriths cf Francis, modified by Wilkinson ([ef. 8].

Impcrtart features ci this methcd of eigensystem analysis

are its improved accuracy, and its insensitivity tc widely

separated eigenvalues.

A ucze detailed description of the QA algorithm and its

numerical applicatiors to eigersystem analysis may he found

In [E.. 8].

!. IEOGEAM OVERVIEW

CETSYSX and its 41 subrcutines may be divided into

three basic categories:
1) setup ard comutaticn sequencing

2) data inFut

3) calculaticn
A trief and general description of the program mcdules

and subrcutines suppcrting these basic categories ccncludes

this secticn.

1.4



Ite , " prcgza-m allc-wz - tr azt 1 - S Z.-c - t- "

rogzaz fl¢c contrcl flags, and is aided by - a:.-u-

tina es BL EAL, RDINI, and RDCHAi. A detailed '.-sc:i-.cn

cf these sutroutines is provided in Chapter IlI. Suhrcu-nare

CbECK verifies the consistency of all requested prcgram

cpticrEs.

2. In teract~e. L§aa InEut

Interactive data input is performed by the 14 REAE__

subroutines. A detailed description of the operaticn of

these sthzcrtines is also included in Chapter III. Internal

data generation or external data inpu: is provided by

subicttire SETUP.

3. Cacula io. S ggUncig

zukroutine IbbER functions as a second MAIN prcram.

I- orders tie data irput/calculation sequences for the typ.

cf pictler teing solved and performs numerous matrix calcu-

laticns. It is frca this subrcutine that all input and

calculaticr sequences are ordered and performed.

4- ._jgolithm .rnsf_¢Imaticn

Stbroutines MINV, BALANC, ORTHES, ORTRAN, HCB, RQ52,

EALBAK, CNCHM, and EREXIT perform the major calculation

sequerces of the "QR" algorith:.

5- f-gca 1i.Saaion CIgulaitions

Su routine FGAIN separates the eigenvalues and

eiger.vectcrs of the Euler-Lagrange equations by eigenvector

deccEcsiticn. BGIIN and subroutine SCOV calculate the

steady-state soluticr of tke Riccati equations for the

ccntzcllez cr estimatcr probler. Subroutine SCOV computes

17



the ccvariance matri2 sal uticn to tae alg-:baizi:

equaticn.

sutroutine ticrE computes the modal trans fo:,,atic zz

required fc: modal aralysis.

7. -1rj.sfr Function Calculations

sut:outines if, POLES, ZEBOS, RESID, ACOd:1:F CCO.IP,

ECR, and furnctjcz SCI pzolm tzrsfe- 1furnct-cn ccm~utaticns

asscciated with modal calculation sequences. Sutroutine

ISDCAI ccmputes the fcwer spectral density of the cutputs o=
ccntzcls cf a controlled system.

Subzoutinre R IERNT prints all program calculaticrs in

cbject time format. Subroutine IIaTERT allows varlatle

format screin viewing of all interacti1ve matri'&x data input.

18



1. LISIGH CONSIDERATIONS

Ccrirg the develcment of CPTSYSX, all program mcdifica-
zlions and additions kere focusead Pri'hzii'! tcwaz" .. c

t-,'ve user operatior. Experience has demcnstrated that

i-ta-active computer ccmmunlcaticn offfrs many advantages in

the research and prcblem solving environment. The cppcrtu-

nity fcr flexible and immediate computer communicaticn, as

well as the ability to select alternate solution methods,

are significant advantages to the user; advantages which are

unavailakle in a batch processing environment.

Althcugh previous versions of OPTSYS produced all the

desired calculations in the tatca environment, the input

format and data sequencing and naming conventicrs were

confusing tc many usezs. Ihe user was burdened %ith thz

reces .:- ¢f verifying the correctness of input data fcra-

and prcgram flow control flag settings for each program run,

in czdir tc ensure the desir.d calculation sequence was

properly performed.

7bese requirements, combined with incomplete prcgram

documentaticn, promcted a lack cf confidence in the results

and .disccczaged many potential users from even attemptirg to

use CEIS!S.

2. FECGC E LANGUAGE

CETSYSX is programmed in FORTRAN IV, following the

conventicns of IBM System/360/370 FORTRAN IV language. Very

few pxrcgram features have teen been incorporated which are

rct written in ANSI Standard FCRTRAN. These subtle differ-

ences notwithstandinc, OPISYSX has been compiled and run

15



under tcth FORTRAN IV (GI) and FORTRAN H (ExtCd -dI
ccmin; :z cr z.- lbt 3033. A!-'ug V- n-::a i :~ a

lezg*b is ir excess cf 2800 liras of text, it is

comoletely portatle ±zcm one cfera Ing system to ancthlez.

Cz the presumpticn that most scientific and r=seazch

personnel are famil'.ar with FORTRAN language, program Todi-

ficaticnr may be easily undertaken once systier, :eraticn 1z

C. GItIBAL PROGEAB ICDIFICATICNS

All cf the previcusly developed numerical calculation

sequerces cf OPTSYS were retained un-modified in OPTSYSX.

Tbcse program siguences requiring the input of diagonal

cost cz ccvariance matrix elements were deleted or codified

to imprcve user flexibility in entering any desired

weighting matrix, diagonal or otherwise. This modification

streawlined program creraticn through elimination of several

;rogza, flcb control flags; reduced a measure of user uncer-

tainty; and further decreased the reguired degree of user

irogzdm fatil.arity--Eromoting uninterrupted cperaticn.

Ihe FEAL sutroutines represent variaticns on the prin-

ciple cf simple, effective methods of interactive irput,

coupled &ith errcr-cczrecticn/recovery sequences.

Sutrcutines SDCHAF, RDINT, and RDREAL were developed by
the authcr and Cdr. P.D. Sullivan to accomodate varying

input fcrmat requirements; null-string entry pzotecticn was

develcped by Cdr. P.C. Sullivan. These program features are

discussed in greater detail latex in this chapter.

20
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E. INTHAC7IVE EROGEAM DEVELCIMENT

1. _z:_cjza.m Flow Cnt:ol

initial proczam develcpment required an ur'-r-

s-anding cf the varicus problem descriptions as wsll as
irograi input and calculation sequence. After careful anal-

ysis cf (Ref. 2], a basic Frogram flow contLol diag. a .as

Estatlisked. From this flow coatrol diagram, a icgical
branching network was formulated whose path could he dEter-

Mg6ned through either tinary logic or numeirical selecticn.

Thzee basic branching categories were estatlisked
from the various problem description statements:

Logical -------- ("Yes" Cr "No"..

Integer-------- "1", "21 " etc...
Real Nuzrer---- "Inpuz the value of...]

rcs the viewEcint of fzee-format computer ccmnui-

caticr, integer and zeal number input presented no sigrifi-

I cant prcklems. FOERAN ccmpilez language is written such
that nugerical data input (raal number or integer) is

I expected, thereby ieguiring cly an INTEGER or REAL data

type statement within the prograx. Once the data type has

teen declard, the desired values may then be input with a
free-fcreat READ (5,*) statement.

Cne note of caution concerning numerical data input

in free-format deserves mentioning: Although all FCTRAN
compilers treat character string input as an illegal data

type ccnversion, mary will automatically convert the inad-
vertent character entry to a "zero" and continue executiCn.

-rotecticn against inadvertent errors of this type is
discussed later in this chapter.

Logical input ("Yes" or "No") poses a unique prcblem

to Ezcgzammers. The usual method of incorporation is to
require tke user tc convert the logical answer intc an
integer i.e., "Yes" = 1, "No" = 2. These integers may then

be read 41rectly intc the program, determining program flcw.
il&



11though this methcd vay promote prcgramiz, cz-ssf

i ie ce; the Cse: to adopt zi u:natu ...

pattern--cn which ircrs.ses the pozsibiIi-:y of .

P mcra refired (frcs a programming language s,:atd-

rcint) ard ergonomic (from the user viewpcint) methcd of

logical selection involves utilization of thas entira char-

acter string answer as an input value. This method has beer

inccrc-cated intc OF.IYSX.

Ue logical strings ("Yes" and "No) are declared as

characterx strings in a data type statement wi. hirthe

progran cr subprcgram. A fcrmat statement is alsc included

in the Frcgram or subprogram utilizing the "A"-field to

specify tie desired ckaracter field width. A REWIND state-

aent is ther inccrporated in the specific program or suhpzo-

gram limediately pricr to each logical string input pcint.

This SEWIND statement allows the input device (the tirminal

screen in this case) to read the character string in mhe

same ranrer as free-format data input. The character field

width for this modification was established at Al, allcwing

streaslined operaict with the user typing either "Y"' or

"Yes" for an affirmative reply; "N" or "No" for a negative

reply.

2. Ge._F~j InP~j _Seque.Dci.D 19e .1~rements

All data input to OPTSYSX is in matrix or vector

format. This data input must be correlated in accordance
with the prcblem description and then properly sequenced in

crder for tke prograz tc perfcrm the dasired calculaticns.

The original and modified OPTSYS programs [Ref. 2]

and [lef. 3] required not only problem description knowledge

tut ccmplete user failliarity with the detailed calculation

seguerce cf the program. The latter point was considered a

significant disadvantage. Elimination of this disadvantage



was an area where interactive programming off L-= ..

this e -z- t.a: te r:ainng mcd fica-.ions of O2 : 1- Z:

direct-d.

3. Izte active Lata I a.2u t

in its calculation sequences, OPTSYSX requires th
input cA up tc IN uri.ue zat:icz s c- vz--c-z-

rrevicusly described program flow control diagram was

construct.d, data Entry pcints for each matrix cr vector
were established. At each cf the 16 program data entry

points, the required input matrix or vector was determined.
Ecurteen irput subrcutines ware added to the original

program in crder to accomodate interactive data entry.
Itese matrix input subrcutines were written such

that the user is first informed which specific matrix or
vector is r=quired; then prcmpted for the individual matrix
elemert values. These values are then individually and

sequentially entered from the terminal. Once the matrix or
vactcx is filled, it is returned to the terminal screan for
user verification and correction if necessary.

Interactive sequertial data entry was prcgrammed by
means of a two-dimensicnal LC loop, with a terminal prompt

cf the matrix name amd element pcsition prior to the element

value entry. Data element input is via a free-format READ
45,*) Frcgram statement.

Cnce the matrix data entry sequence is complete,

that input matrix is returned to the terminal screen in
variahle format for user ease in row identificaticn. With

an azitzary data field width cf 12 characters, the maximum

rumber of matrix elements available on an 80 column termizal

screen is six. Provided the matrix column dimensicr is less
than six, this restriction presented no programming fcroat

limit aticna.

2_3



For those matrices whcse column dimensicn -xc-ds,-4

six, elaent S w'sre zrogrressively writur. c.

terminal lies. Oncz the matziz row iz ffiir -- I

dcutle-sracEd, and elemnnt display is repeate- -

fashicn. Th s methcd alicws the user :c view :::z :ix

much aE le would expect to see in, providi :.-

cf ease in row and cclumn identification.

Sitin CPTSYSX, subcutine IATPIRT ps_-for-s -his

varlatIe-fc zma prirt sequence. The pri r . sequarce uas
arbitrazily terminated with a matix S4z of 16 X 16,

prasuming that users %ith larger sysc-ms of

select alternate foras of data input.

4. Savina Int,:r=ctive In_ .u

In most contmcl system design problems, the system

matrices generally re~ajn relatively unchanged for a desied

se querce cf design calculations.

In order tc relieve -h us.r of - bud= of

repeated system cntry in h2 interact ive mode, seisaal a di-

tional rcgzam niow ccntrol flags were added, ailcwzg the

cpticr cf saving the entire criginal system of matrices for

subsequent calculaticrs. Separate opticns for saving each

syste matrix are axtcmatically cfferad at the end of each

program run.

7hEse matrix saving options provide a further advan-

tage to the user in that the matrices are redisplayed fcr
verificaticn pricr tc calculatin execution. Users may then

change individual matrix elemerts, relieved of the burden of

full system re-entry.

Ilthough the tasic otjective of this wcrk is to

pzovide the user with a totally interactive methol of data

input, several disadvantages tc the methcd of individual
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I

matrix ile rent input are apcarent--inpur cf ve: i, z

~a rice a is wiy Y&Lf time.:nui; mnp ao- A Izf Zj

matrices whrce e!_nm-z:a remain unchanged fzT run -c 7- ±

ineff.cizrt.

In order tc Frcvade an increased masure cf user

fiexitility in data input, subroutine SETUP was modified to

include Fzcvisiors fcz matrix data input from a data file cn

the user'S disk. Th, three system ma-ric2s, £F],G], a.

(GAMMA] may now be input frcm zhe user's disk. Mizor

Frogzaz acdfficat;on is required of the user as follcws:

a. FRICMS F:iledaf commands must be modiiied cz

added tc reflect the name and lccaticn cf
each data set.

t. The REAE Format statement (or statements) misz

be charged to reflect the proper data format

of the user's input file.

6. Internal Data eneration

As a further aeasure cf flexibility, the documenta-

tiom wi-hin subrcutirE SETUP was expanded to include several

specific examples of internal matrix da-a generation. The

three system matrices [F], [G', and [GAMMA] may genarated

either %ithin user-uritten twc-dimeasicnal DO-locps or by

dirsct assignment statements. These methods may be prefer-

able for the input of very large matrices with few ncn-zero

Elemerts.

A specific example cf internal program generaticn of

the cutput equation (H] matrix is included in subroutine

BEArE. This zatrix input method may be preferable for the

entry cf a large output equation matrix with very few ncn-

2eZC elecents.
Cnce these zcdificaricns have bean made to sutrcu-

tine .EIEP or subroutina RIADH (as desired), the prcgram

should tE re-comFiled and then run in the usual manner. An

I2



I

'zta-ective prograz Frcmpt is p--vided a- th_ beg-n:i:7, of
G2ySX Cf fGin r .q4 us "r the op:on .: Cec.

desnred iethod of data input.

to in ur the CH] matzix (o r ct ez a quidn u ;- . S__
fzom seFazate data files. Users wits rudimentary progzam-

m:ng skills m&y now zcdify suhrouziae REALH (c: cn of the

cther specific READ subroutines) in the zanrer rev4cuzly

dascriI.ed fc- subncutine SETUP or subroutine REALH.

tEtailed examples of the nature and extent cf -thase mcdifi-

cat.crs iay be fcund in Appendix A.

7. Cata E n.t7 Ccrrecticn

In an effort to prctect users from errors in data

input, an ezror correction sequence was incorpcrated into
Each zatrix input subroutine.

Cnce the entire matrix cz vector is displayed cn th =

termiral sczeen the user i- pr-simpted with B C u - sicr,"Do

you wish tc change tie value cf any matzix lamenn -:? Typs

'Yes' cr 'NO'." If the user types "No", program execution

continues.

If the user types "Yes", he is then promFted with

three additional statements specifying tae row number of the

elemert tc ke changed, the cclumn number of the element to

Ie changed, and the value to be insezted into that matrix

element. After the correctid value is entered, the new
vatriz values are returned to the screen for

re-verification.

7his correction sequence continues indefinitely

until tke user signifies that no additional changes are

recessary. Program execution then proceeds ncrmally.
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2!. USEB-EECR PEOTEC710ON FZATURES

M1az y i~t~ractive computer pogzams suffaz z

rec cv e zy) should t:-.r user :.nadvartren: v rake an e==cr:1cus

kayhoard entry. zxamples ct f hesse -~n ad v een~ e acr E
include--entry Qf a keytca:d chiaanct .z or c hat:-t Z ing

%hen t F- crgraT x- e r-ct s a num-_:zcal value; eniltzv :f -

r-imerical value wher the3 Prcqaff i exu-ctina A chariRCte:

string;r entry cf a n ul 11 -ting. In crd-5r to Freclud-3
&A-norza.' croaram tezoination due t-. thsze types of ftnadver-

tent csex errors, sciezal. program protection features were

inccr~crated intc OPISYSX.

1. rata Typ2e Corversion Errors

1Ibree sutroutines-- BDREAL, RDIST, RDCHAR--re added

to OHISYSX ia. order to ensure that the proper iLrput data

type is pzcvided tc the prcgram. Subroutine RDRIA1 is

called at any pcint a real nurber or zarc ittg- = inn'at~av

te erccurtaxed; subrcutine ELINT is called at any pcint a

non-zero integer input is zegt.-ired; subroutine RI:CHAR is

called at any point b character- string ("Yes" or "No',) input

is zeguired.

Eithin each cf these subroutines a null string entry

;rotecticn loop was inccrpcrated (allowing cne recovery) ;

Exompting the user fcr the correct data type input, and

returning an error zessage in the event an incorrect data

type is erccuntered.

litbin subroutine EDINT, impr-oper data type entry

was furtlex protected by the addition of a three-way IF

ccmpariscn Cf entry integer magnitude. This modification

precludes illegal (brt auto iatic, with some compilers) data

type ccriezzion errors.
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'Ihese prcgras design feazuras boast the

adva r.xac E c! allowirco ro r ma pro:gramm _mi :ra c d

pon in the date iz~ct -haze by merely p:ezsirgt'"~--

2. lnccnsistent Erograg Ccntrol Flag Zrrcrs

Earlier versicrs of OPTSYS [Ref. 2] U (ef3]

did provide u~er errcz messaces in the even~t czi _:ccnsist=_n:

pzograa flcw ccntrcL f lag s, but tazmrnin:ated the Excgram.
This featuri was undesirable frcm the standpcint cf. srocth

interactive program c~eraticn, and was imp~cved in OTSYSX.

Sukroutine CEECK was mcdified t c incl ude F ET URN

staxetients any time irconsistent program flow cortrc. flags

are ercccntered. The user is- n-otified cf the type ci error

encourttee; that run termination has occurrad; and Ercapted

regaiding his desire to retu~n to zhe beginning of the

program cr terminate executicr completely.
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IV. FOGRAM USE AND EXAMPLES

ThIs chapter contains saverai basic 9xa I ¢e-i E I

rumexcus types of problems which may be solved using

CPTSYSX. Included uith these examples are co;ils cf each

rscczdgd t_ rnizal session.

Ectential users s. culd exazine carefully the axa:=s of
program failure found in Section D. This examplc clearly

demonstrat,s that unstatle mcdes or incorrect choice of

certain design parameters may cause program failure (and
incorrect cutput!), even with the highly stable "Q5" algo-

rithm. It also indicates cne possible method of correcting

this type cf failure ky merely making a very small change to

cne cf tke design parameters.

1. CINl-LCCP EIGENSISTE3 ANALYSIS

The fcllowing c~en-loop eigezvalue example was taken

from [sef. 5, p.669].
Examination of tie follcwirg program cu.Fut shcws cpen-

icop eigenvalues at -1, -2, and -3. Note that the eigervec-
tors cf the left and right eigenvectox matrices (pa. 33)
corres;crd in cclumn fashicn tc the open-lcop eigenvalues

calculated immediately above them (pa. 32).

The full terminal sessicn is recorded below, with user
input i I.S e case le.tters follcwing each I?"

record c

BEGIN BECOECING CP TEEINAL SESSION

S; T-0.0O1/0.02 21:49:--0

filedef C6 term (recfi fa blksize 133

global txtlib fortmod2 mod2eeh imsldp ncnimsl

load cptsysz (start
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EXEC'IC EEGINS...

CPTSYSX iS A COi.-LETIY rNTE,3ACTIVE OPTIMAL SYST&CS ,

ZCG AZ. IT WILL ClVZ NG91ECUS CCO-T*OL PEOELL< N TuE

FClLC-41G Y"PES Cl SYSTEMS CCNTROL EQUATION1Z:

IDOT = (F)*X + (G)*U + (GAM)*(W+WO)

IIEASURE 2ET ECUAIION--

Z = (b)*X + (D) W

REGULATOF PERFORMANCE INDEX--

1/2 * IN72GRAL (Yt*(A)*Y + Ut,*(B)*U)DT

STATE FEEDEACK GAIN DEFINITION--

z= -()*X

LC YCU WISH TC CONTINUE? TYPE "YES" OR "NO".

yes

-- LATA ENTRY--

AITECUGH OPISYSI IS SPECIFICALLY DESIGNEE TO READ

Ill MATRIX RATA INTERACTIVELY, SEVERAL ALTERNATE

£EEOD5 ARE AVAILABLE TC USERS:

MlTECD 1--THE "F","G", AND "GA.MA" MATRICES

MAY BE FEAD FBCE SEPARATE DATA FILES.
METECL i--THE " 1","G", AND "GAZMA" MATRICES MAY EZE

EXPLICIILY DEFINED WITHIN SUEROUTINE "SETUP".

(NCTE: IN EITEER CASE, TEE USER SHOULD CBTAIN A CCPY

OF THE lFCGBAM LISTING AND EXAMINE

THE EXAZELES CONTAINED IN S/R "SETUP".)

DC YOG WISH TO CCNTINUE? TYPE "YES" CH "NO".

pes

DO ICE WISH TO INPUT THE "F", "G", AND "GAMMA"

MATRICES FFCM SUBROUTINE "SETUP" IAW THE

BETHOD DESCRIBED CN THE PREVIOUS SCREEN?

TYPE "YES" OR "NO".

Vc

GENERAL OPTSYSX OPTIONS:

CPIION I -- SISTEM ANALYSIS WITHOUT

CEEN-LOCP EIGRNSYSrEM CALCULATIONS.

CPTION 2 -- SYSTEM ANALYSIS WITH OPEN-LOOP

30



11GEt4SYSTEM CALCUJLATIONS.

C;IION 3 -- CC-EN-LOCP EIGENSYSTEN FCIJNO

AED PROG?.VA. 72RINASBS.

CETICN 4 -- MCEAL DISIFIBUTION MATR~ICES CCtPUE'-

kITHCUT FILTEE OR REGULATOR SYNTEES:S

CF. S-TEACY-STAIE ANALYSIS.

SFAIECT AN OPTICN: 1,2,3, OR 4

INTIiB THE # OF STIATES (NS) OF THE SYSTEMI MATRIX

'IF"-MATRIX

tIAG/EAMETER SETINGS FOR THIS RUN ARE AS FCII.CWS:

lOL ic IR ISS it ITF1 ITF2 ITF3 IFDFW IE IrEBUG

2 0 0 0 C 0 0 0 0 0 0

ISE'1 1D5 AE IPSD INU INCBZM IREG NS NC NOB NG

0 0 0 C 0 0 3 0 0 0

ORDfh CF SIST.EM 3

NUINEEB CF CONTROLS = 0

NUMBES CF CBSER'VATICES 0

14UMEZE CF ~OCESS NCISE SOURCES =0

EN1B THE SYSTEE MATRIX "IF"-&IATRIX

DIMENSION = # STATIS (NS) X # STATES (NS)

7EIE LEMIENT F( 1, 1)-

0

7HE ELEMENT F( 1, 2)z-

1

TEEl ELEMENT P( 1, 3)-

'2

0

31
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IHE ELEMENT F( 2, 3)=

1

lEE ELIMENT F( ., 1)=

7

IRE ELEMENT F( 3, 2)=

I

TEI ELEMENT F( 23, 3)=

-6

THE S STEM MATBIX "F"-MATRIX

C.C 1 . OCOO 0.0

C.0 0.0 1.00000

-6.CCOOO -11 . CCO0 -6. GOOOO

DO YCU WISH TO CH&1G1 THE VALUE OF ANY MATRIX ELEMENT?

11PE "IES" CB "NO".
n

O;EN .CCP DYNAMICS mATRIX.........

0.0 0.100cr+01 0.0

O.C 0.0 0.1000D+O1

-0.6C0or+.1 -0.11OCr+02 -0.6000D+01

CPES LOCI EIGEVALUES .......... DET(SI-F)..

-1.OCCO'+OC:-2. OOOOCr00:-3.OOOOOD+00:
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CPEN ICCE EIGHT EIGEMECTOR MA!RIX.......T....
-5. 7 7 5C -- CI - 2. 162 17SD-O I . 46285D-Ci

5. 775C-3D- C1 4.364 356D-01 -3.1U4855D-O 1

-5.7735.=0E-Cl -8.728716D-01 9.434564D-01

OZEN LCCE LEFT EIGEN'VECTOR MkIFhX . T-INV..

-5.196152L.CO -4.330127D+00 -8.660254D-C1

1.374713D+C0 I.833030D+01 4.582576D 00

9.53939 r.O0 1.430SC9D+01 4. 69696D+00

ANAiYSIS COE PLE. DO YOU WANI ANOTHER RU?

TYPE "YES" OB "NO".
no

...... Cr-7SYSX IS NCk TERMINAIED ........

F; I-C.2E/0.89 21:52:C8

record off

END BECCEDING OF TEREINAL SESSION

1. UBGULITCR SINTHESIS

7he fclowing regulator synthesis example was taker frcm

"Lecture Nctes on Advanced Ccntrol Systems", by Pzcfeszor

D.J. Ccllizs of the Naval Ecstgraduate School, Monterey,Ca.

This example invcived deterainaticn of the optimal regulator

gains hased on an arhitrarily chosen quadratic index; with

the varicus system and cost matrices described belcw.

Exafination cf the extensive program output indicates

that the optimal regulator gains are: -5.0 and -SQRT(1C.C).

The alcetraic sign cf the gains is consistent with the defi-

riticr displayed on the first screen of the program (Ea.

34).
Th full terainal session is recorded below, with user

input in Iq_11a gAst 'tters following each "?"

xeccid cr

EEGIN BECOBEING CF T!IMNAL SESSION

33
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; C.01/C.02 13:55"26

fi I def C6 trm Irecf z fa blksize 133

global titlib fortmod mod2eeh imsldp zonims

load cp-syx (start

EXECEIICb BEGINS...

CPTSYSX IS A COMLETELY INTEBACTIVE OPTIMAL SYSTEMS CCVIiRCL

EFCGEAM. IT WILL SOLVE NUMEROUS CONI iOl PROBLES C1N TEE

FCIICWING TYPES CZ SYSTEmS CCNTROL EQUATICS:

XLOT = (F) *X + (G)*U + (GAM)*(W+WO)

I.EASLFEMENT ECUATION--

Z - (H) X + (D)*6 + V

FEGUIATCR PERFCRMANCE INDEX--

J = 1/2 4 INTEGRAL (Yt*(A)*Y + Ut*(B)*U)CT

STATE FEEDBACK GAIN DEFINITION--

U = - (C) *X

DC YCU WISH TC CCNTINUEI TYPE "YES" OF "NO".

y
-- LATI ENTRY--

AITECUGH OPTSYSX IS SPECIFICALLY DESIGNED TO REAL

ALl MATRIX LATA INTERACTIVELY, SEVERAL ALTERNATE

ETECES ARE AVAILABLE TO USERS:

MEihCC 1--THE "E","G", AND "GAMMA" MATRICES

MAY EE READ FECM SEPARATE DATA FILES.

fEIHCE 2--THE "F"f"G", AND "GAMMA" MATRICES MAY BE

EXPLICITLY DEFINED WITHIN SUBROUTINE "SETUE".

(NCTE: IN EITHZF CASE, TEE USER SHOULD CBTAIN A CCPY

OF THE IROGRAM LISTING AND EXAMINE

THE EXABPLES CONTAINED IN S/R "SETUP".)

rO YOU WISH IC CONTINUE? TYPE "YES" OR "NC".

EC YOU WISH IC INPUT TEE "F", "G", AND "GAMMA"

MATRICES FiCM SUBSOUTINZ "SETUP" IAW THE

NITHOD DESCEIBED CN THE PREVIOUS SCREEN?

TYPE "YES" O1 "NO".
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GHERAL CTs YSX OPTIONS:

CITION 1 -- SYSTEM ANALYSIS WITHCUT

OPEN-ICCP EIGENSYSTEM CALCULA 2I-.

C21102 2 S- .Y: T JA L S13 ;;IT ifi OE.; - L C

EIGENSYSLEM CALCULATIONS.

CITION 3 -- OPEN-LOOP EIGENSYSTEM FCU.1D

AND PECGEAM TERdINATES.

("F"-l.AIRIX EINBY FOLLOWS I.iiEDIATILY.)
CITION 4 -- MODAL E;ISTBIBUTIOJ IATRIC-S ZC-?-U'":

iTHOUT FILTER OR REGULATCR SY.',HESIS

OR STEZAY-S7ATE AJALYSIS.

SELECI AN OPTION: 1,2,3, OR 4.

EC ICU DESIRE RES VALUES CF STATE AND CONTROL?

TYPE "YES" CR "NO".

ro

CrTSYSX LQR/CLASSICAL CETIONS:

CETION 1 -- CPTIMAL FILTER AND/OR REGULATOR

SYNTHESIS WITH NO EXTERNAL "C" OR "Ell

MATRIX INPUT.

CETION 2 -- OPTIMAL FILIER AND/OR REGULATOB

SYNTHESIS WITH EXTERNAL "C"

MATRIX INPUT.

CETION 3 -- CETIMAL FILTER AND/OR REGULATOR

SYNTHESIS WITH EXTERNAL "K"

MATRIX IVPUT.

OPTION 4 -- OPTIMAL FILTER AND/OR REGULATOR

SYNTHESIS WITH EXTERNAL "C" ANE "K"

MATRIX INPUT.

SELECT IN CITION: 1, 2, 3, OR 4.
I

~1

£0 IOU WISH TO £ETERMINE THE STEADY-STATE RESEONSE

EOB A CONSTAll DISTUREiNCE?

35



TYPE "YES" CE "NO".

ro

LC YCU NISH TO l2FBl:N THi- M~ODAL D! sTE: IUT:'

.Nr GAT M ATFICES?

IY-E "YES" CR "N0".

Vo

OPEN-LOO TRANSEER FUNCTION OPTIONS:

C$IICN 1 -- NC OFEN-ICCE TRANSFER FUNCTIONS CC:IPLTEU.

CITICN 2 -- PCIES, RESIDUES, AND ZERC6 COLPUTED.

CIIICN 3 -- OIY EOLES AND ZEROS COtMPUTED.

CITICN 4 -- 0 PiF POLES AND RESIDUES COMPUTED.

SELECT AN CETICN: I, 2, 3, OR 4.

I

NOISE TR.1SPER FUNCTION OPTIONS:

CrTION 1 -- tC NOISE TFANSFER FUNCTIONS COIPUTEE.

CETION 2 -- £CLES, RESIDUES, AID ZEROS COMPUTED.

CPTION 3 -- CSLY POLES AND ZERCS COMPUTED.

CETION 4 -- CNLY POLES AND RESIDUES COHPUTED.

SELECT AN CETION: 1, 2, 3, OR 4.
2

1

CCMEENSATOR TRANSFER FUNCIICN OPTIONS:

CPIION I -- KC COMP. TFANSFER FUNCTIONS COMPUTEE.

CETION 2 -- ECLES, RESIDUES, AND ZEROS COMPUTED.

CE'ION 3 -- CELY POLES AND ZZRCS COMPUTED.

CETION 4 -- CNLY POLES AND RESIDUES COMPUTED.

(NOTE: A CCMPENSAICD TBANSFEE FUNCTION CAN EE

COMEUTED CNLI IF BOTH A REGULATORAND

FIIEi ARE SYNTHESIZED AND/CR INPUT.)

SELECT AN CETION: 1, 2, 3, OR 4.

1

ilil A FEED-FORIARD DISTRIBUTION MATRIX

1"E"- MATRIX) BE INPUT ?
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TYPE "IES" OF "IC".

no

THIS CFIICN DETZR II ES THE CRITZRIA F06 DECIDIN6u i,4 A

THE CRDEF CF THE NUIEBATOR ECIYNOdIAL O1 EACE Ti3FER

FUNCTUCN.

ALL "N" ZEROS OF IHIS PCLYNCMIAL ARE 2'RINTED OU '

TEIS TEST TEILS FCW MANY EXTRA ROOTS ZXIST AT Z = 0.

LESS THAN 1O.O** I-Ir) IS CCNSI)ERED ZZRO.
TEE rEFAULT VALUE CF THIS PARAMETER (IE) IS 6.

IN CIHEE WORDS, IB = 1.GE-6.

IF !CU DESIRE A tIFFERENT FARKOV CRITERIA, TYPE THE

INTEGER VALUE.

IF ICU DESIRE THE DEFAULT VALUE, TYPE "0" (ZERO)

DO YCU LESIRE TO SYNTHESIZE A STABLE FILTER (OR REGULATOE)

BY DESTAEIIIZING THE ORIGINAL SYSTEA?

(NCTE:WORKS FCB FILTER OR REGULATOR BUT NOT FCR ECTH

IN THE SAME RUN.)

TYPE "YES" CR "NO".
DO

rC YOU DESIRE TC PRINT THE EULER-LAGRANGE EIGENSYSEM.

ERICE TO DECCIPCSITICN (FOR CHECKING THE PROGEAM)?

TYPE "YES" CR "NO".

yes

FCWE3 SPECTRAL £ENSITY (PSD) OPTION 1 :

CETICN 1 -- CONFUTE THE FSD OF THE OUTPUTS AND/CR 7HE

CONIECLS Of TEE CONTROLLER SYSTEM !WEEN

FORCED BY PROCESS AND MEASUREMENT NCISE.

(NOTE: ECTH A REGULATOR AND A FILTER MUSTER

RESIDENT IN THE PROGRAd TO USE THIS OPTICN. (

CEIICN 2 -- SAEE AS OETICN 1 ABOVE BUT ONLY PFINT TEE

RESIDUES CE EACH TRANSFER FUNCTION

USIE IN THE ESD COMPUTATION.
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CE7ICN 3 -- NO VESIRED.

SELECT All CETION: 1, 2, OR 3.

CC ICU DESIRE BEGULATOB SYNIIESTS ONLY?

TYPE "YES" CE "NO".
yes

ENYIR THE # OF STATES (PS) OF THE SYSTEM MATRIX

EN71I TEE # OF CON tSOLS (INC) OF THE CONTEOL SYSTEM MCLE

( "G"1-hA7BI X)•

1

ENTIE THE # OF 1EASLEiNENTS CR OBSERVATIONS (NO) OF THlE

ENTEIF TEE I OF PROCESS NOIS' SOURCES (NG) OF THE
("GAtf "- ATRIX) •

c

FLAG/FA1ETER SETTINGS FOR THIS RUN ARE AS FOLLCWS:

IOL IC IB ISS IM ITFI ITE2 ITF3 IFDFW IE IEEEUG

1 0 C 0 C 0 0 0 0 0 1

ISE IDETAE IPSD IIU INCU! IREG NS NC NOB NG

0 0 0 C 0 1 2 1 2 0

ORDES CE SIST3H = 2

NUM1EE CE CONTRCLS = 1

NUMEEB CF CBSERVATICbS = 2

NUMEZE CF IBOCESS NCISE SOURCES AT

E11 HZ SYSTEI MATRIX "F11-MATRIX

DIMENSION = # STATES INS) X # STATES (NS)

IEE ILU!ENT F( 1, 1)z
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7 F ZEL. 2 T (,2)

7EE ELEMENT F( 2,1=

0

IB! ELEMENT F ( 2, 2)=

THE SYSTEM MATRiIX 'IF"- MATRIX

C.0 1.*0*cc00

C.o0 0.0
DC ICE %ISH TC CHA1bGE THE VALUE OF ANY MATRIX ELEINI?

TYPE "YES" CR "NO"1.
Eo

CEEN LCCPDYNASMATIX...................

o.C 0.lo0ct+01

0.0 0.0

CEEN LCCP BIGENVAIUES ........ o.DET(SI-F)..

0.0 :0.0

CEEN LCCP RIGHT EIGENVECTCS MATRIX ....... T..o.

I-ocooocrICoo -1.oooCCCD+0o

0.0 2.22044J6D-16

CEEN LCCP LEFT EIGENVECTOR MATRIX ....... I-INV..

1.OCCCCCD.CO 4.5036C0D.15

0.0 i4.5036COD.15

ENIER 'IHE IIEASUEEMENT SCALING MATRIX "Hill-MATRIX

DIMIENSION # CBSEEVATIONS (NO) X # STATES (NS)

TEE ELEMENT H( 1, 1)=
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IRE ELEMENT H( 1, 2)=

0

IH E ELEHMENT H ( 2 2

1

IEE MEASUREF.ENT SCALING MIATRIX "H"-LIA RIX

1 . cC C c 0.0

.0 1. occoo

LO ICU WISH TO CiBA2GZ THE VALUE OF ANlY .ATRIX ELENENT?

TYPE "YES" CE "Noll.

ro

t1EASURIMENT SCALIN~G MATBIX ..................

o. ioc+oi 0.0

0.0 0.ioocr+oi

INI THE OUTPUI MEASUREEI4NT COST MATRIX "Atl-IATEIX

LIEENSION = CE ERVATICNS (NO) X VOBSEEVAT41ICNS (NO)

TEE ELEMENT A( 1, 1)=

25

!IR.E ELEMENT A( 1, 2)=

C

TEE ELEMENT A( ;,1=

?

ISE ELEMENT A( 2, 2)=

TEE CUTPUT MEASUEEMENT COET MATRIX ItAl- MATEI X..

25.CCCOC 0.0
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0.0 0.0

CC ICL KISR TO CIA.GE IF VALUE OF ANY NIATR'X 2!7 35:':7

TYPE "YES" Ci "NO".

CUTFUT COST MATRIY ........................ A..

C.25(0t+02 0.0

0.0 0.0

Y,' ZZ Ii C CNT 3CU DISTKl TBftJWOC : ATR:! Z "--7yif -7

DI !NSION = 4 STASES (NS) X 4 CONTRCLS (NC)

SEE ELEMENT G( 1, 1)=

ISE ELEMENT G( 2, 1)=

1

TEE CONTROL DISTRIBUTION MATRIX "G"-MATRIX
c.o

1. cCOOC

DO YCE WISH TC CHANGE THE VALUE OF ANY I.AT.RIX ELELIE,1T?

TYPE "YES" CE "No".

to
IUE IHE CCNTRCI COST WEIGHTING MATRIX "B"-fAIRiX

DIMENSION = 4 CONTECiS (YC) X # CCNTPOLS (NC)

TEE ELEMENT B( 1, 1)=

1

SEE COTECI COST EAIPIX .......... B...

1.00000

DO ICC WISH TO CHANGE THE VALUE OF ANY MATRIX ELEMENT?

IYPE "YES" CR "NO".

to

TEE CCN'BOL DISUIBUTION MATRIX ........... G..
0.C

0. 10C0£+01
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TEE CCNIROL COSTI MATRIX ........... .B..

D. iccor+011

fUlIFF-I.AGRANGE SYSTEM MAEI.

0.0 1.0ooccoD+00 0.0 0.0

0.0 0.0 0.0 -1 .Coco 0 wCJ-03

-2.5CCOCCD+Cl 0.0 0.0 0.0

0.0 0.0 -l.COOOOOD+00& 0.0

EIGEhVALUES AND EIGENVECTCES CF THE 4-1 X 2-;

EUILF-LAGRANGE SYSTEM AE2 IiQ.2 .............

-1.5E113SD+CO 1.581 1 39D+00

-1. 5E 1 l3SL+CO- 1. 5811 3-SD+00

1.5E113SD+C0 1.581 1391)+00

-7.43-C'J43D-C2 7.168El2D-02 -1.824925D-01 -1.1503482D-01

4.13E'755L-C3 -2.308-145D-01 -5.082459D-02 -5.262675fL-01

-1.15LJ172D+CO -2.0683-17D-02 2.631337D+00 -2.5412-29cD-O1

-3.5E'44C6C-Cl -3.715 22D-01 -7.517412D-01 9.124~627D-01

EIGHNSYSTEM1 CF CETIM2AL BEGULATOR .........

11CKNVECTORS FIC RGAIN PRIOR TO CNORL1

-1.iS92ED-Cl -2.616313D-03

2.34S71aL-01 -2.266S-j7D-01

C-LCCE CPTIMAL BIG. E-VlLU ES... DET(SI-F+G*C).

-1.58114E+00, 1.58114r+00:

C-LCC F IGHT EIGINVECTOP MATRIX .......... M..

-3.1622-IED-C1 -3.162278D-01

1. OOOOCcCC 0.0

CCb7EICL EIGE1NVECURCB ATEIX. ........... C*M..

-1.58113SD*00 1.!EI139D+00
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C-ICC; CPT. PEG. LEFT E-VECTOR MATRIX..M-INV..

0.0 1.05CCCOD+O0

-3. 16227E,+%CO -1.000CCCD+O0

*- " ' -. ., L~L

-5.OCCOL+O -3.162!L+00

TIE CLOSED LCOP DINAMICS MATRIX ...... F-G*C..

0.0 1.OOOCCCD+00

-5.0CCCCCD+CO -3.162278D+00

ANALYSIS COMPLE7. LO YOU JANT ANOTHE2 2UN?

TYPE "YES" OE "NO".

no

. ........OPTSYSX IS NOW TERIINAIED .......

F; T=C.4i/I1.85 14:03:C3

reccid off

END FECCECEING OF TERMINAL SESSION

C. FILTRB SYNTBZSIS

The following Kaluan filter synthasis example was taken

frcm "lector . Notes on Advanced Control Systems", by

Irofessor E.J. Collins of the Naval Postgraduate Schocl,

Monte xe ) ,Ca.

This example invclved determination of the optimal

filter gains of an aititrary system; modeled nearly identi-

cally tc the previous regulator problem.

In its present ccnfiguraticn, OPTSYSX program sequencing

requires the design of an optimal regulator, prior to

performing any optimal estimator synthesis. in crder to

comply with built-it program sequencing conventions, and

circumvent program difficulties which may not be specified

in the particular system model, optimal filter synthesis may

te accomplished ty entering the identity matrix (I] in those

143

.....I



Fr-ograT input siquerces requir--ng tha entry of n: c -

CaJ64;aiCrEz U y difte:, zzcr csMe 'x P -;c t ,
~ calculaticrz -dil be cczrect ior the systemu xcdzU.

Examination of tie extensive program output Z.r d i cate s

that tbe. opti-mal filter gains are: -5.0, and -SQRT12.0).

Tie full terminal. sessicn is :ecorded below, with use::

.pu 6 -: c-4r caeletters fcalcizg aaclh "7"1

record or

EEGIN EECOECING CF TBEEBINAL SZSSION

S; T-0.01/0O.02 21:49:---O

filedef C6 term (zecfum fa blksize 133

global txtllb fortmod2 mcd2eeh izu-Idp nczimsl

Icad c~tss (start

EXECCEIICI BEGINS...

OPTSYSX IS A CCMPLZIILY INTIERACTIVE OPTIMAL SYSTEM9S CC1tTbCL

ZBOC.ZAM. IT WILI SOLVE NIJIEROUS CONTROL FROBLE1 S ON TIHE
ECLLCi.ING TYPES CF SYSTIEMS CCNfTROL EQUATIONS:

XDOT = (F)*)X + (G)* -(3 (GA3) *(W+W0)
L11EASUEMEN1 ECUATION--

Z = (H) *X + (D) *W+V

REGULATOR PEF.BCRMANCE INDEX--

J = 1/2 * IN'IEGSAL (Yt*(A) *Y + U4t* (B) *U) rT

STATE FEEDBACK GAIN DEFINITION-

(3 (C

rO YOU WISE TO CONTINUE? TYPE "YES" OR INCI.

yes

-- EAI1 ENTRY--

ALTHOUGH ORTSYSZ1 IS SPECIFICALLY DESIGNEE TO REAr

ILL MATRIX rATA INTERACTIVELY, SEVERAL ALTERNATE

EIODS ARE AVAIlABLE TC USERS:

NETHCD 1--THE "F".8"G11, AND "GAM1A" MATRICES

MAY BE LEAD FRC[M SEPARATE DArA FILES.

EP!THCD 2--THE "FE"fI", AND 01GAENA11 MATRICES MAY BE
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EXP1ICI71Y DEFINEC WITHIN SUBROUTINE "SE-''.

(NCTE: IN EI TEER CASE, IHE USE. SHOULD OUB!. :;;c:

OF liiE PfOGBA? LISiiNG AND EXAMINE

TH- :. X.1"2PLE5 CO Al.NTD _1-2 S /R "Z: ".- -

rC YOU WISH '1C CCNTINUE? TYPE "YES" CRi ":C".

yes

DO 100 WISH TO I PUT THE "F", "G", ANL "GA2a6A"

MP.TRICIS FPCII SUBROUINE "SETUP" IAW THE

METHOD DESCEIZED CE THE PREVIOUS SCSEE!T?

TYPE "YES" OR "11401.

no

GENERAL CPTSYSX OPTIONS:

CETION 1 -- SYSTEM ANALYSIS WITHOUT

CTEN-LOCP EIGENSYSTEM CALCULATIONS.

CETION 2 -- SYSTEM ANAIYSIS KITH OPEN-LOOP

EIGENSYSTEM CALCULATIONS.

C1TION 3-- CEEN-LOCE EIGENSYSTEM FOUND

IND PROGRAM TERMINATES.

("F"-&ATRIX ENTSY FOLLOWS IMMErIATELY.)

CETION 4 -- MCEAL DISIVIBUTION MATRICES COEPUTEC

UITHOUT FILTER OR REGULATOR SYNTHESIS

CR STEADY-STATE ANALYSIS.

SELECT AN OPTICN: 1,2,3, OR 4.

I

LO YCU DESIRE RMS VALUES OF STATE AND CONTROL?

TYPE "YES" CR "NO".

no
CETSYSX LQR/CLASSICAL CPTIONS:

CETION 1 -- OPTIMAL FILTER AND/OR REGULATCB

SYNTHESIS WITH NO EXTERNAL "C" OR "K"

MATRIX INPUT.

CITION 2 -- CPTISAL FILTER ANE/OR REGULATOB

SYNTHESIS WITH EXTERNAL "C"

MATRIX INPUT.
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CrTION 3 -- OPTIMAL FILTER AND/OR REGULATCP

SYNTHESIS WITH EXTE NAL "K"

r, 3AT I T I T

SYNTH1ESIS WlJi2H EXT-alAl "Cot ;,-

MATRIX INPUT.

SELECT AN CETIONI: 1, 2, 3, OR 4.

I

CC IOC WISH TO ZTER IbE THE STEADY-STATE RESPONSE

fCR A CONSTANT DISTUREANCE?

71PE "YES" Ci "NO".

no

DO IOU WISH TO CETERMINE THE MODAL DISTRIbUTICN

INE GAIN MATFICES?

TYPE "YES" CR "NO".

no
CEEN-ICCP TFANSFER FUNCIICN CPTIONS:

CETICN -- NO CPEN-LCOP TRANSFER FUNCTIONS CCEFUIEC.

CEIICN 2 -- POLES, RESIDUES, AND ZERCS COMPUTER.

CEIICN 3 -- ONLY POLES AND ZEROS COMPUTED.

CEICN ' -- ONLY PCLES Abr, RESIDUES COMPUTED.

SELECT AN CETION: 1, 2, 3, OR 4.

1

XCISE TRANSFER FENCTION CETICNS:

CITION 1 -- NO NOISE TRANSFER FUNCTIONS COPUTEC.

CETION 2 -- POLES, RESIDUES, AND ZEROS COMPUTED.

CETION 3 -- ONLY POLES AND ZEROS COMPUTED.

CETION 4 -- CNY PCIES AND RESIDUES COMPUTED.

SELECT AN CPTION: 1, 2, 3, OR 4.

? I
CC1IENSATOR TRA1SFER FUNCTICN OPTIONS:

CETION I -- NC COMP. TRANSFER FUNCTIONS COMPUTEr.
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CrHION 2 ICLES, RESIDUES, AD ZEROS COMUTHEC.

CFTION 3 -- CNLY POLES AND ZEROS COMPUTED.

CPTION 4 -- INLY POLES AND RESIDUES COMPUTED.

(11,T Z: A CC L-.TzAT OF TT7 .NsFZR'' wN 7 CTX

CCEZUTED CNiL Ii BOTH A REGULAO,

ANE FILTER ARE SYNTHESIZED

SELECT AN CZTiCS; 1, 2, 3, OR 4.
?

1

iLI A FEED-FORAIRD DISTRIBUTION MATRIX

"Em - MATRIX Ef INPUT ?

TYPE "YES" OR "NC".

ro

THIS CHICN DETEERIbES THE CEITERIA FOR CECIDING WEEN

A 1ABKCV PARAMETER IS ZERC-IHE MARKOV PARAMETER

INEICAIES THE CRDEE OF THE NJMERATOR POLYNOMIAL Of EACH

TBAESIR FUNCTION.

ALL "N" ZEROS CF THIS POLINCEIAL ARE ERINTED OUT AND

THIS IEST TELLS HC% MANY EXTRA ROOTS EXIST AT Z = 0.

LESS IRAN 10.Q**(-If) IS CCNSIERED ZERO.

THE LfACLT VALUE CE THIS PARAMETER (IE) IS 6.

IN CTHIF WORDS, IE = 1.QE-6.

IF 100 DESIRE A DIFFERENT MAFKCV CRITERIA,

TY;E TEE INTEGER VALUE.

IF YCV DESIRE THE LEFAULT VALUE, TYPE "0" (ZERO)
?

DO YCU CESIRE TO SYNTHESIZE A STABLE FILTER (OR REGULATOr)

BY DESTABILIZING THE CRIGINAL SYSTEM?

(5OTE:WCRKS FOR FILTER CR REGULATOR BUT NOT FOR ECTH

IN THE SAME SUN.)

TYPE "YES" CR "NO".

ro
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CC YCU DESIFE TC PRINT THE EULER-LAGRANGE EIGINSYSTI 'A

TBICE TO DECCMPOSITION (FOR CHECKING THE -I.

I PE "Y7ES" CR "NO".

no

lClER SPECTPAL rENSI:Y (U-) OI014 1

CPTICN 1 -- COMPUTE THE PSD OF THE OUTPUTS ANL/CR

THE CONTROLS OF THE CONTROLLED SYSTEM

WHEX FOBCEL BY PROCESS AND MEASUEMENT

NOISZ. (NCIZ: BO2H A ELGULATOR 1ND A

?ILTER MUST EE RESIDENT IN THE P3ROGEA.

TO ItS THISB O0TION.)

CEHICN 2 -- SIMI AS OPIICN 1 ABOVE BUT ONLY PSINT SlE

RES31UES OF EACH TRANSFER FUNCTION

USEC IN THE PSE COMPUTATION.

CPUTCN 3 -- NOT rESIRED.

SELECT AN CETICN: 1, 2, Oa 3.

£C YCU DESIRE REGULATOR SYN;HESIS ONLY?

77PE "YES" CR "NO".

no

EN 'ER IRE # OF STATES (NS) OF THE SYSTEM MATRIX

"Z"-M1TRIX
I

EIIR TEE # OF CCNTROLS (NC) OF THE SYSTEM IODEI

"G"-M ATRIX

1

ENTER TUB # OF MEASUREMENTS OR OBSERVATICNS (NO)

"H"-HATEIX

I

ZNIlR THE # OF PIOCESS NOISE SOURCES (NG)

"GANEh"-RAIRIX
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FLAG/EABAIETER SEVIINGS FC THIS RUN A-RE AS CJ:

IOL IC IF 153 IM 11F1 Ili2 ITF3 IFDFi 3:L

0 0 C 0 0 0 0 0 0 0

ISET IE5TAE IPSD IYU INCRM~ IREG N S NC Sri3 NG

0 C0 C 0 0 2 1 1 0

Citlfl Cf SYSTEM~

NUMBER CF CCNTaCLS 1

NUMEZE CE CBSERVATICNS 1

NUMBEE CF EFOCESS NCISE SOUECES 0

INTER THE SYSTEMI MAT.2IX 'IF"-lATRIX

DIMEN4SION = STATES (NS) X # STATES (NS)

TEE ELEMENT F( 1, 1)=

0

IRE ELEMENT F( 1, 2)=

UE! ELEMENT F( ~

0

IRE ELEMIENT F ( 2, 2)=

c

THE SYSTEM MATRIX "IF"-MATRIX

0.0 0.0

DO ICE NISHl TO CHANGE THE VAIUE 0F ANY MIATRIX ELEMENT?

TYPE "YES" CE "NO".

*CEIN LCCP DYNAMICS MATRIX ............... F..

0.0 0.100CL+O1
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0.0 0.0

EII- I iE MEASUEZMENT SCALING AAT.RIX "lH"*-mA T 2::(

IlfESIO N CZSS:RVATIC1.3 (%1C) X # STATES '2

T-E i ! -JENT H( 1, 1)=

2

IEE ZIEBENT H( 1, 2)=

c

TEE MEASUREZENT SCALING AIATRIX "H"-LATAIX.

1.CCOCC 0.0

LC YCU WISH TO CHAtGE THE VALUE OF ANY MATRIX EL1EN'I?

71PE "YES" Cr "NO".

no

MIASC EEENT SCALING MATRIX ................ H..

0.1CCOr+01 0.0

ENTER IHE OOTPUT MEASUBEMENT COST MATRIX "A"-MATRIX

rIm!bSION - * OESERVATICNS (NO) X # OESEEVATIONS (NO)

TEE ELEMENT A( 1, 1)=

I

THE CUIPUT MEASUEEMENT CCST MATRIX "A"-MATRIX

1. (COOC

BC YCU WISH TO CHANGE THE VALUE OF ANY MATRIX ELEMENT?

TYPE "YES" CE "NO".

no

CETIEC COST EATEI3 ........................ A..

0. 10C0£+0 1

NTIER THE CCNTECI DISTSIBUTION MATRIX "G"-M1ATRIX

DI1ENSION a S STATES (NS) X # CONTRCLS (NC)

TEE ELEMENT G( 1, l)-

0

5C

- V



IkE ELEMENT G( 2, I)=

0. TH3E CCNTROI DIST.RIbrJION ZATREIX G-A:

0.0

DO YC[ WISH TC CH A GE THZ VALUE OF ANY MATRIX ELEMEN'_?

TYPE "YES" ca "Noll.

yes

ENTB THE RCW NUEBER OF THE ELEZiEl T BE CHANGED.
2

2

ENTER THE CCLUMN NUMBEE Cf THE ELEMJE.T TO BE CHANG2ED.

2

1 THE ELEM!ENT G(

1

THE CCNTROI DISTRIBUTION MATRIX "G"-MATSIX

C.0

1. CCOO

DC ICE lISH TC CHANGE THE VALUE OF ANY MATEIX ELEMENT?

TYPE "YES" CR "NO".

no

INTIE THE CCNTRCl COST WEIGHTING MATRIX "B"-MAIRIX

DIMENSION = # CONTECIS NC X # CONTROLS NC

1 f ELEMENT B( 1, 1)

TEE CONTBCI COST EATEIX .......... B...

1.. CCOOG

DC YCU WISH TO CHANGE THE VALUE OF ANY MATRIX ELEMENT?

IPE "7ES" CR "NO".

no
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TEE CCNIPOL DISTBIEUTION 11ATRIX...... G.

0. icc0L*Q 1

0. icccr~j 1

EIGESISTES CF CEI1IAL FEGULATOB. ...

C-LCCE BIGHiT EIGEBVECTOE MITBIX ...... i....

-7.07106EC-01 -7.071CED-01

l.CCCCCCD+CO 0.0

CCNTECL EIGENVECICR MATRIX .............. C*M..

-7.C7106ED-01 7. C71068D-Q1

C-LCCE C2T. BEG. ~Tj E-VECTOR MATRIX. .Y-INV..

0-.0 1 OOOCCOD+00

-1.44;1d4CO -7.00Q0CCCD+00

THE CETIAI FEEEBAC94 GAIN CCNTECL MATIX... C=BINV*c.T*S...

-1.OCCE.0 -1.41421:+00

THE CLOSED LCOP CIN&MICS ?ATEIX.....-*.

0.0 1.OOOCCCD+00

-1.6CCCCCDCO -1.4J1421L4D+00

JNAlYSIS COM~PLETE. DO YOU WANT ANOTHER RUN?

TYPE "YES" OF "INC"I.

no

.......... OPTSYSX IS NOW TEBMIN&TEC.........

F; T=C5*J2.84 1!:36:49

xeccxd off

iND sicCutiNG OF TEBMINAL SESSION



E. E21l~f OF PFOGBAE FAILURE

Tie jcllcw.n: p -hck g.cai exampi-- -: p.rcq=,:-

duzir zqulacr syr-h.-sis wa!5 taken i- 'Z a t

Guidance an! Ccntzcl, vcI. 3, Nc.2, pp.190-19., .ach-A:. °

1980.

Ir zhis example, the choice of the quadratic index valuc

was tie factor iromcting pzcgzam rszability; leadirg tc

eventual prcgram failure ia subroutir.a HQn-2. Th- calculated

regulatcr Sains Cf -5.1, and -3.1 (pa. 63) arz not ccrrect!

With a .slig"ht' cdification of the ccst, matriz fron a

;revicus value of 4.0000 to a naw value of 4.0001, the

progran was run a seccnd time. Failure did not occur cr the

second run, and the new calculations (pa. 68) indicate

filter gains of -2.0, and a "small" residue of 3.19D-14

(essentially zerc). These are the correct values.

'his example Ecints out one possible xethcd cf

ccrrectirg certain prcgram failure modes, shculd they cccur

during eiecutioz.

lie full terminal sessicn is recorded below, with user

input in g case ltters fcllcwing each "?" .

Fcllcwirg the prcgram failure example, that pcrticz of

the repeated terminal output was deleted up to the point

where prcgram executicn of the second run begins.

reccid cn

EZGIN FECC EING CF TEFlINAL SESSION

E; T=0.01/0.02 21:49:-0

filedef C6 term (recfa fa blksize 133

global titlib fortmod2 mcd2eeh iusldp ncnimsl

Icad cftsysx (start

EXECUlICN EGINS...

OPTSYSX IS A CO.PLE1ELY INTERACTIVE OPTIMAL SYSTEMS CCWTBCL

rBOGEAM. IT %ILL SCLVE NUSRCUS CONTROL PROBLEMS ON TEE

PCLLOWING TYFIS OF SYSIEHS CONTROL EQUATIONS:
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XDOT = IF) *X + (G) *0 + (GAS) (W+ O)

MEASIREMENU EQUATION--

Z = (H)*X + (D)*W + V

R:GULATOR PE RC4.iRJ'A CE IN X- -

J = 1/2 * INTEGRAL (Y * (A)* Y + U * (-) U) El

STATZ FEEDBACK GAIN DEFINITION--

U -- (C)*X

DO YCU WISH TO CCNTINUE? TYPE "YES" OF "NC".

-- EATA ENTRY--

AITECUCH OPTSYSX IS SPECIFICALLY DESIGNED TO READ

ALI MATRIX DATA INTERACTIVELY, SEVERAL ALTERNATE

! IEC£S ARE AVAILABLE TO USERS:

METHCD 1--THZ "Fl","G", AND "GA3MA" MATRICES

MAI BE BEAD FRCM SEPARATZ DATA FILES.

klTHCD 2--THE "F","G", ANL "GAZlIA" MATRICES MAY EE

EXPLICITLY DEFINED WITHIN SUBROUTINE "SETUE".

(NCTE: IN EITEER CASE, THE USER SHOULD 03TAIN A CODY

OF THE FROG2AM LISTING AND EXAMINE

THE EXAEPLES CCNTAINED IN S/R "SETUP".)

EC YOU WISH IC CONTINUE? TYPE "YES" CR "NC".

yes

rO ICU WISH TO INPUT THE "F", "G", AND "GAMMA"

MATRICES FFCM SUBROUTINE "SETUP" IAW THE

METHOD DESCRIBED CN THE PREVIOUS SCREEN?

TYPE "ES" OR "NO".

no

GENERAL OETSYSX OPTIONS:

CETION 1 -- SYSTEM ANALYSIS WITHOUT

CEEN-LOCP EIGENSYSTZM CALCULATIONS.

CPTION 2 -- SYSTEM ANALYSIS WITH OPEN-LOOP

EIGENSYSTEM CALCULATIONS.

CITION 3-- CPEN-LOCP EIGENSYSTEM FOUND

AND PROGRAM TERMINATES.

("F"-MATRIX ENTRY FOLLOWS IMMEDIATELY.)
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CP7ION 4 -- ECEAL DISTIIEUTION MATRICES COfMPUtEC

SITHOU IT iLTER 0.£ aEGuiCi ,

CF STEACY-STATE ANALYSIS.

024

LC ICE DESIRE RI- VALUES CF STATE AND CONTROL?

rTyrE "YES" CE "NO".

CETSYSX LQ./CLASSICAL OPTIONS:

CITION 1 -- CFTIMAL FILTER 2\C/OR REZGULATCF

SYNTHESIS WITH NO EXTERNAL "C" OR "s"

MATRIX INPUT.

CETION 2 -- CPTIMAL FILTER AND/OR R2GULATOR

SYNTHESIS WITH EXTERNAL "C"

MATRIX INPUT.

CETION 3 -- CETIMAL FILTER AND/OR REGULATOB

SYNTHESIS 6ITH EXTERNAL "K"

MATRIX INPUT.

CETION 4 -- OPTIMAL FILTER AND/OR REGULATOR

SYNTHESIS WITH EXTERNAL "C" ANC "K"

MATRIX INPUT.

SELECT AN CETION: 1, 2, 3, OR 4.

EO YOU WISH TO rETERNINE THE STEADY-STATE RESpO1SSE

ECA A CONSTAbl DISTUREANCE?

TYPE "YES" Cl "NO".

LC ITC WISH TO tETERdINE 7HE MODAL DISTRIBUTICN

ANr GAIN HATEICES?

TYPE "YES" CR "NO".

ro

CEEN-LCOP TBANSIER FUNCTION OPTIONS:

CTICr 1 -- NO CEEN-LCOP TRANSFER FUNCTIONS COMDUT!L.
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CET ICN 2 -- POLES, RESIrUES, AND ZEROS COMPUTE:.

CPIIC., 3 -- ON1 ¢iCLES ANL ZEROS CSPfUT ED.

C IICN 4 -- ONLY TOLES AND RESIDUES CO ,PU "

SELECT AN CiTI.0!: 1, 2, 3, OR 4.

£

NCISE TRANSFER EUNCTION OPTIONS:

CiTION 1 -- NC NOISE TRANSFER FUNCTIONS COe-2UTEL.

CETION 2 -- POLES, AiSIJ l JS, AND &izOS Ct ,iUIED.

CETION 3 -- CNLY ECIES AND ZEROS COIPUTED.

CETION 4 -- ONLY PGLES AND RESIDUES CO IPUTD.

SELECT AN CETION: 1, 2, 3, OR 4.

I

CCMEENSATOR TRANSFER FUNCIION OPTIONS:

CETION 1 -- KC COMP. TEANSFER FUNCTIONS COMPUTEr.

CPTION 2 -- ECLES, RESIDUES, AND ZEROS COMPUTED.

CPiION 3 -- CINY POLES AND ZEROS COMPUTED.

CET1ON 4 CNLY POLES AND RESIDUES COMPUTED.

(NOTE: A COMPENSATOC TRANSFER FUNCTION CAN BE

CCMPUTEI ONLY IF BOTH A REGULATOR

AND FILTEP ARE SYNTBESIZEE

JlND/OR INPUT.)

SELECT AN CITION': 1, 2, 3, OR 4.

I

WILL A EEED-FORARD DISTRIBUTION 3ATRIX

("D" - MATRIX) EF INPUT ?

TYPE "YES" OR "NO".

E0

£0 YCU LISIBE TO SYNIEESIZE A STABLE FILTER (OR REGULATCR)

BY DEStABIlIZING THE ORIGINAL SYSTEM?

(NCTE:WORKS FOB FILTER OR REGULATOR BUT NOT FCB ECTH

IN THE SflE RUN.)
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TYPE "YES" CB "NO".

DO U DESIRE IC ;isil T8 E EULBR-"AGRANGE E SG2'YI.

rICR TO DECCEPOSITICN (FOR CHECKING TH- PRCGFA- ?

TYPE "YES" CE "NO".
no

ECiEE EPECTRAL LINSITY (FSD) OPTION 1

CFTICb 1 -- COMPUTE IEE PSD OF THE OUTPUTS AND/OR THE

CONTFOLS CF THE CONTROLLED SYSTEM WHEN FCRCED BY

PROCESS AliD 6EASUBEMENT NOISE. (NOTE: ECTH A

REGULATOE AND A FILTER dUSI BE RESIDENT IN THE

PROGEAB IC USE THIS OPTION.)

CETICt 2 -- SAME AS CETION 1 AEOVE BUT ONLY PRINT THE

RESIDUES Cl EACH TRANSFER FUNCTION

USED IN TEE PSD COMPUTATION.

CPTICV 3 -- NOT EESIZED.

SELECT AN CETION: 1, 2, OR 3.
7

CC ICC DESIRE REGULATOF SYNTHESIS ONLY?

TYPE "YES" CR "NO".

yes

ENTER THE # OF SAIES INS) OF THE SYSTEM MATRIX
("F"-M ATRIX)

ENTER THE # OF CCNTROLS (NC) OF THE SYSTEM MODEL

4"G"-MATRIX).
I

1

ENTER THE # OF MIASUREMIN!S OR OBSERVATIONS (NO)

I" H"- NATRIX) .

INTIE THE # OF EPOCZSS NOISE SOURCES (NG)
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("G At! t A"1-AIRI X) •

C

FIAG/PABASETER SETTINGS FOE THIS RUN ABE AS FcliCs5:

IOL IC IE ISS IM ITY1 ITE2 ITF3 IFDEW LE IEEBUG

1 1 C 0 0 1 0 0 0 0 0

ISET ID-TAE IPSD 11U INCEM IEEG NS NC NOB N G

0 G 0 c 0 1 2 1 2 0

ORDES CE SISTEI 2

NUMEEF CE CONTROLS = 1

NUMEEB CF CBSEEVATIC0S 2

NUMEEF CE IEOCESS NCISE SOURCES = 0

ENTER THE SYSTEE MATRIX ('E"-MATRIX)

CIMENSION = # STATES (NS) X # STATES (NS)

TBE ELEMENT F( 1, 1)=

c

SEE ELEMENT F( 1, 2)=

7

THE ELEMENT F( 2, 1)=

-I

TEE ELEMENT F( 2)=

0

THE SISTEM MATRIX ("F"-SATRIX)...

0.0 1.0CCQo

-1.CCOOC 0.0

LO ICU WISH TO CEANGE THE VALUE OF ANY MATRIX ElEEENT?

17PE "YES" CE "NO".
no

.. . ,



CfEN LCCP DYNAMICS 11IRIX ................. F..

0.c 0.100CL+o1

-0. iCcOr+o1 0.0

CIEN LCCP EGNaOS..... Z(IF.

0.0 , I.CO00cr+00:

CEEN LCCP RIGHT EIGENVECTCE marpi ....... i....

0.0 -1.000CCcD+O0

1.CCCCCCD+CO 0.0

CEFN LCC2 LEIT EC-ENVECIOR MATRIX ...... T-INV..

0.0 1.OOOCCCD+O0

-1.O000oCCr+CO 0.0

ENTER THE 1EASUZEBENT SCAIING MATRIX ("H"-!ATRIX).

LIYtNSION a # OBSERVATIONS (NO) X 4 STATES (FS)

THE ELEMENT H( 1, 1)=

7
C

TE ELEMENT H( 1, 2)=

0

IHE ELEMENT H( 2, 1)=

c

TEE ELEMENT H( ;, 2)=

-1

IEZ MEASOBRENT SCALING MATRIX ("Hf"-MkATRIX)...

0.0 0.0

C.O -1.0ccOO0

£C YCU WISH TO CEANGE THE VALUE OF ANY MATRIX ELEMENT?

TIPE "YES" CE "NO".

no
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MEASEBEEENT SCALING MATBIX ................ H..

0.0 0.0

O.c -0.100CL+o

CLAI i6EASUREMENI SCALING MAIRIX...d(BAR)*T..

c.0 0.c

-1.CCCO00D+00 0.C

ENIEE 'HE OUTPUT MEASUEEhEhT COST MA IIX ("A"-MATEIX).

IrEESIGN = # OESERVJTIONS (NO) X # OBSERVATICNS (NO)

TEE ELEMENT A( I, 1)=

TEE ELEMENT A( I, 2)=

0

THE ELEMENT A( 2, 1)=

C

TEE ELEMENT A( , 2)=

4

THE OUTPUT EEASLEEIIENT CCSI MATRIX ("A"-MATRIX)...

C.O 0.0

C.0 4. OCCOO

LC eCU WISH TO CHANGE THE VALUE OF ANY MATRIX ELEMENT?

TYPE "YES" CE "NO".

no
GCLEET COST MATRIX ......................... A..

0.0 0.0

0.0 0.,400C:+01

ENTIEE THE CCNTRCL DISTSIBGIION MATRIX ("G"-MATRIX).

DIMENSION a # STATES (NS) X # CONTRCLS (NC)

lEE E1EMENT G( 1, 1)=
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cI

IEE ELEMENT G( 2, 1)=

I

TEE CCNTROI DISTRIBUTION MATRIX ("G"-HATRIX) ...

C.O
1. CC1aC

EC YCU WISH TO CHANGE 7El VALUE OF ANY MATRIX EI.MEN.?

TYPE "YES" CE "NO".

no
ENTER THE CCNTECI COST WEIGHTING MATRIX ("B"-IATRIX)

EIMENSION a # CONTBOLS (NC) X # CONTROLS (NC)

IRE ELEMENT B( 1, 1)=

1

TEE CONTROL COST MATEIX .......... B...

1.C0000

EC YCO WISH TO CEANGE TEE VALUE OF ANY MATRIX ELEMENI?

1122 "YES" CE "NO".

no
TEE CCNIROL DIS'IIBUTION MATRIX ............ G..

0.0

0.Iccor+01

MCEA CCNTROL DISTRIBUTION MATRIX ...... TI*G..

1.CCCOCCD O0

0.0

THE CCNIROL COST EATRIX ....................B..

0. 10Co0+0 1

CIES LOCP TRANSFER FUNCIIGNS...

TI C PIE UT NO. 1 INL OUTPUT NO. 1:

NC FINITE ZEEOS. TF GAIN 0.0
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RESIDUES AT THE PCIES:

ZcL E S R 6Si Bu Ls

-,;Al 4A) IM AG (Z)

0.0 )+J( 1.0COOOC) ( 0.0 -EXP (A*T) *C05(B",T)

0 .C )+J(-l.OCOOOO) ( 0.0 )EXP (A*T) *SIN (B* T)

IF YG IiEU'I NO. 1 AED OUTEUT NO. 2:

CaLzz Cz NULUZE'BTOR =1 2--3,11N =-0.1000D+01

NUMEIFAICR EIGENVALCIS (INCLULING EXTRANEOUS ZERO VALUIS):

( 0.0 ) +j 1 0.0 )

( 0.0 )+'J( 0.0

RESIDUES AT THE POlES:

F cI IS R ES ID UEBS

REAL (A) ILIAG IB)

10.0 ) +J)( 1.000000) (-1. COOOOO) EXP (A*I) *cCOS (E*T)

(0. C ) +j (-1.000000) (0.0 ) EXP (A*I) *SIN (E*-T)

FAILUSE IN HQEr2 Ol EIGE1N4ALUE NO. 4

-1.9E2--66r+C0 3.L464E1iD-03 -2.4S9867D+00 1.508657D+00

3.4ELI83ED-03 3.762172D-02 -1.491143D+00 2.500102C+00

-4.I4i504ir-iS -3.208e43D-13 -1.962366D+00 3.621151D-03

5.2el545D-11 -1.267e12D-17 3.621125D-03 3.762121D3-02

EIGENSYSTEN CF CEHIMAL IBEGULATOR .........

EULEE-IAGRINGE ICUATIONS HAVE A REAL EIGENVALJE

AT OR NEkF ZERO.

C-ICCE CPTINAL BEG. E-VALUES... DET (SI-F+G*C)

0.0 : 0.0 ,-1.00000D+00:

C-LCCF EIGHT ZIGIRVECTOR MATRIX .......... M....

-7.C5E(7D-C1 6.0351ESD-01

-7.0823CIE-01 1.OOOCCCD+00
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CC?,TFCL EIGENVECTCR M.ATFC .............. C*.1-.

-1.4117EID+00 -1.,C4787D-02

C-ICCE CF-J. ZZG. !ZZ[T -C MTI.":

-3.592CE2D CO 2.167EE8D+00

-2.54-8i£C.0 2.535!e2D+00

THE CPTIMAl FEELBACE GAIN CCNIRCL MATRIX...C=BINV*GT*S...

5. 1CS5L+OC -3.09871+00

TEE ICDAL CCNTROI GAINS ................. C*T..

-3.CE66D+00 -5. 1C9451D+ O

TEE CICSED LCOP rINAMICS MATRIX ...... F-G*C..

0.0 1.00oCCCD+O0

4.1O0S451DCO -3.0986S6D+00

ANALYSIS COMPLETE. DO YOU WANT ANOTHER RUN?

TYPE "YES" OF "NO".

yes

CO IOU WISH TO SAVE THE "E"-,ATRIX FROM THE LAST

5UN TO BE USED IN THE POLIOWING RUN?

tC7E: THE MATRIX WILL EE BEDISPLAYED AT

TEE rECPER INPUT SEQUENCE INTERVAL

AND YCU WILl HAVE THE CETION OF CHANGING

INrIVIEUAL MATRIX ELEMENTS.

TYPE "YES" 0R "lNCO'.
yes

CC IOU WISH TO SAVE THE "H"-4ATRlX FRCM THE LAST

fUN TO BE USED IN THE FOLLOWING RUN?

NCIE: THE MATRIX WILL EE SEDISPLArED AT

'TEE EBCPER INPUT SEQUENCE INTERVAL

AbD ICU WILL HAVI THE CETION OF CHANGING

INEIVICUAL MATRIX ELEMENTS.

TYPE "YES" O "NC".

yes

CC 10 WISH TO SAVE THE "G"-MATRIX FROM THE LAST



FUN TC BE USED IF THE ECLICWING RUN?

CII: ! !E MATRIN :ILL E_7 PEDISPLAYLD AT

7HE PECPEE INPUI SEQUENCE iNTERVAL

A1I; ICU WILi HAV- THE GPTION OF CHANGING

INDIVITUAL eATB11 ELZMZNTS.

TYPE "YES" OR "NO".

yes

Author's rta: Sinc* the zawe pzogram options are to

be run again, with only a change in ot.

of the cost matzix elament values, zte

terminal output was deleted up to the

pcint where ixogram calculations resume

in crder tc avoid redundancy.

ORLf O SYSTEM =

NUME! CF CCNTRCLS = 1

NUMEIB CE CBSERVATICNS = 2

NUMBEE CF EROCESS NCISE SOURCES = 0

THE SYSTEM MATRIX ("F"-MATRIX)...

C.0 1.00000

-1.CCOCC 0.0

LC ICU WISH TO CEANGE 7HE VALUE O ANY MATRIX EILMENI?

TYPE "YES" CE "NO".

no

C;EN LCCE DYnAMICS MATRIX................. F..

0.0 0.100¢£+01

-o. lcr0+o1 0.0

CZZN LCCP EIGENVAIUES .......... DET(SI-7)..

0.0 - , 1.COOOCL+00:

CIN LCCP RIGHT EIGENVECTOB M TBIX ....... T....

0.0 -1.OOOCCOD+00

1.0000GCD.CO 0.0

64J

• -ilia -



V

C7-N LCCP LEFT EIGENVECTOR MATRIX ...... T-INV..

1.t " GCD+0)

-I.0CCOCCD c 0.0

TEE EASUREZENT SCALING IATRIX ("H"-,MATRIX).

C.0 0.0

C.. a-1.0 cCO

£C ICU WISH TO CEANGE THE VALUE 0? ANY MATEIX ELEMENS?

TYPE "YES" CE "N0".

no

MEASEREMENT SCALING MATRIX ................ H..

0.0 0.0

0.0 -0.100C+01

EcrAL MEASUREMENT SCALING MATRIX...H(BAR)*T..

c .0 0.c

-1.0C0000D+00 O.C

ENIER IHE OUTPUT MEASUREENT COST MATRIX ("A"-?AII).

Z1IN, SION = # OESERVATIONS (NO) X # OBSEVATICNS (NO)

'TEE ELEMENT A( 1, 1)=

7C

'%Ei ELE:1ENT A( 1, 2)=

7

0

'THE ELESENT A( 2, 1)=

cC

TEE ELEMENT A( 2, 2)-
I

4.0001

THE CU'PUT REASIBEHENT CCST MATRIX ("A"-MATRIX)...

C.0 0.0

C.0 it. OC10

L0 !CU WISH TO CEANGE TEE VALUE OF ANY MATRIX ELEMENT?
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TYPE "YES" CR "NO".

r.c

CUTEUT COST MATFIX ........................

0.0 0.0

0.0 0.400CE+01

IE CCNTRO. DISTRIBUTION MATRIX ("G"-MATFIX)

0.0

1. CCOOC

ZC YCU WISH TO CEANGE THE VALUE OF ANY MATRIX EUEN.?

TYPE "YES" CR "NO".

no
EIbT! THE CCNTBCI COST WEIGHTING MATRIX ("B"-aATRIX)

DIMENSION = # CONTROLS (NC) X # CONTROLS (NC)

THE ZLEMENT B( 1, 1)=

1

TEE CCTRCI COST MATBIX .......... B...
1.. c COO C

C YCU WISH TO CHANGE THE VALUE OF ANY MATRIX EIEMENI?

T2PE "YES" CE "NO".

no

TEE CCNIROL DISTFIBUTION MATBIX ............ G..

0.0

0. 1CCO: 01

MCLAI CONTROL DISTRIBUTION MATRIX ...... TI*G..

1.CCCOCCD+00

0.0

THE CCNIROL COST IATRIX ................... B..

0. 1CCO 0 1

OfE IOCP TRINSFEE FUNCTIONS...

TI ECF IFE0T NO. I AND OUTPUT NO. 1:

PC FINITE ZEROS. TE GAIN z 0.0
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R-IS-ILtJS AT TH! POAL':S:

EcL E S RESIXLUES

REAI(A) IMAG(B)

0- 0C )+jI 1.0000CC) (0.0 ) x EX(A*T) *CCos()

0.0 )+it -1.COOOCC) (0.0 ) X EX(A*T) *SIN(~T

IF FCP I1PUI NO. 1 P..* OUTPUT 50. 2:

ORDER CF MJSERATOR = 1 TH GAIN = -0. 10.00D401

NUMEE&!CE EUGENVALUIS (IN CLUtING EXTRANEOUS ZERO VALUES):

0.C +J 0.0 )

0 0. )+J 0.0 )

BES 1EU IS AT THE POIES:

F C LES R E S IrUE S

Bill (A) IMAG (E)

0 .C )+J( 1.C0OOCO) -1.000000) EXF (A*T) *COS IB*T)

(0.0 +4j -1. 0000 CC) 0.0 ) EXP (A*T) *SI1%(B*I)

EIGE1NSYSTEMI CF CIIAL EEGULATOR .........

C-LCCE CPTIMAL RIG. E-V ALIJES. .. DET (SI-F'G*C).

-1. 0050l:+MC-9 .950 1 2E-01:

C-LCCP EIGHT EIGIliVECTOB BARX..... ..

7.05.-36er-01 -7.088-123D-01

-7.0EE723D-C1 7.053368D-01

CCITECL EIGENVECTCR MATRIX .............. C*M..

1.417762D+00 -1.410691D+00

C-LCCF CPT. BEG. LEFT E-VECIOR ?ATRIX..?1-INV..

-1.'41C6S1D+C2 -1.41162D+02

-1. 4 1776;L.C2 -1.4 10ESID+02 6



Td C T =AZ FD'!ZrBACi GAIN CCNIROA AT2IX .. CiI

-3.lSlhfl-14 -2.OOOCE.OO

TEE "CAL CCN'Zr-,l GAZNS .

-2.CCCC25D.OO 3.1S7442D-1I

TEE CICSID LCOP EINAAICS MATRIX..F-*.

001 .0 00C COD4+OO

-1.(GCLQt.CL*C0 -2.Oj00C 5D+00

ANALYSIS COU.LVTE. tO !CO WANT ANOTHEE B1RUN?

TYPE "IES" OR "NC1.

to

..... O.CPTSYSX IS NOW TERIN1IS ......

E; T C.6-1/2.60 23:33:C7
tecczd off

END RECCEDING OF TEEEINAL SESSIO14
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V. CONCICSICITS A~r PEOMND"0I

I. CCNCIGSICNS

AltbcuCh origirally developed for the quadratic

extensive mcdificaticns and Enbancaments of Hall's cr-.gin'a

work, ccupled bith its effici.ant and accurate eigezsystem

soluticn rcutins, relresent a tcwerful tool in the design of

cptimallj controlled systems.

In its present interactiv- form, OPTSYSX has besn trans-

ferred fics the arena of high-level applied mathematics and

numerical aralysis tc the level of control system engineers

and students. It now represents an even more powerful

educational tool, atle to rapidly and effectively unlcck

zany nisunderstcod linear systems mathematical relaticn-

ships.

As at ultimate evaluation cf the computational atilities

cf OFlSYSX, the prociam was tested using an 82 X 82 matrix

cf aircraft longitudinal motion equations for the VX-29

experimental Fighter aircraft derivative, provided by

NASA-fcverds.
Fcr a system of equations of this magnitude, all prcgram

arrays were re-dimensicned (as shown in Appendix A), and a

2-Megabyte virtual machine size was required. This system

was run tkzough tke Mcdal Analysis option of CPTSYSX,

requiring less than 90 seconds to load th. system and

complete all open-lccE and modal analysis calculaticnsl

Frogram results exhibited perfect eigenvalue correlation
with tbcse cbtained from the John Edwards Control Ercgram.

Additicnally, OPTSYSX provided complate lcngitudinal modal

analysis, previously cnavailable on a system cf this size.
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cp -ce d t a t z th.3 -B c .

veraicn %ill be encocZay's;d. aud that expa-,-C

w slZ sr l cth rs st anrd r =-s=--ac h or S
ccnrrcl pzchlems, as haell as more advanced designs.

E. BICCEMENDATICNS

Rassd cr. t-e rsst.'s of this thesis,. four :ac-

as possitilities for further = search and study:

The use of CPTSYSX and similaz design programs

should ti encouraged in all undezgraduate and gzaduata level

courses involved in the analysis and design of ccntrol

systems. Tcward this end, it is recommended that OPTSYSX be

placed ir the ncn-IffSL library of subroutines, makirg it

IEgsgly available to all potential users.

2. Ccin-t Gras kics

lhe addition cf graphical plotting Aroutines tc -.he

program In the time and frequency domain would make CPISYSX
an ever more pouerful tool in the design of mazy optiffally

contr-clled systeis.

3. Further- modifications

112e present version cf the program should te modi-

fied to include the CETSYS 5 derivative input term improve-
irents c.1 Lit: [Bet. 3], and program sequencing during optimal
filter synthesis shculd be examined. Various test runs

indicate an area of ccnflict in that the program appears to

require the design of an optimal regulator prior to

j ;erfczmirg any filtex calculations.
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CETSYS C-CfaZ, a-.raCtivC- pSies!lt

c m iccccmiutar j-mp:'i.Emn-at.Jc r.
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APPENDIX A
OT'7SYS X PiZQGRAMl LISTING

C OPTSYS1
C* By JOHN G. NCE!I

C**** THIS ?PCG2AM 15 A COM.PISTELY INTERACTIVE
C******** OFTINAL SYSTE.S C04TR~CI DESIGN/SY'lTHESIS
C* ** ** PEGRA7 CAFABLE OF (ANCIING VERY LARGE ('(JXdO). ***
C*:***** MELTIJARIAfLf SYSTEMS CE LINEAR EQUATIONS.

ViasiciN 1.8 11 SAR 1984
C** **** s 55

IMPLICIT RE&LS8 (A-d,C-Z)
C ------ ;-------------- ------------------------------------

INT GER 111S ICL,IQ IRISS, I!l,IT?1..ITF2, .T3,1?0FV, lE,lDEBUG.ISrT,
1tPSD IY~U,IOfiM,NS,bCOB,iG.IEEGIflSTAE I3ET,N(IOW,NCOL,1SAF,lsA9,I

C LASGE GRCE SYSTEM (E2 X 62) EIMENSICNS.
C -------------- ------- - - - - - - - - -

C arsetisroy ACL 82 82).f~ 41 B~A f82, 82,CXJ82) CR 82) C3128,
C :112 CiRf81). fEGC( (1 E82 i (o64 32)

B(82 A ( 12) ,8(82 62 AR ('1914) Al(14) 1( ,~ TO3 2
C W2~i4)BSi4)A(2 82) ,BE(164) I &14 ,C 8),'J(6

C ~ ~ ~ i *G c 6 , 1 HY 41164) H U,4)),PFTT(16,4 1 ) DU 9 8 85
C M ----------------------- 6-9---W-----------
C STABDS 82O9A Ul ,24SI1ONS.2

C--------------------------------------------------
DIM~ENSION ACL ( 22 v32 ABJ3 i 2 EA(32~ 32) ,CI(32 C (32 C(232,

11(32) CW1l32)6fHGCls. 2)4 f 32 3).,G(32 32) '1 32 1 i2) '

5.D 3~,~ ) b~ 1435 .3- ,J 7 ) i go ?(12:32) w2 6a 4 4c t6) ,C)

6(31),GV~ (64, G (6 4) *HY (6 41~4 ,U(6f, 64)ART (116) ,D U (32.32
7)

COMMON# /FROG/ IOL.IV I8,ZSS,tF.,IT?1.ITP2.IT?3,IFDFW,IZ,IflSTAE,irEs

C- O G,ISET, IBEG.IFSr,1jCM - - -------- -----

DATA t//I/f'

C SUPPRESS INDIVIDUAL Q;dDERPLOIA, OVERFLOU , DIVIDE CHECK, AND DECIMAL
C CCHVIST 318CR MESSAGES; PROVIDE SUMMARY! OF ZRRORS ONL(.=

CILL ERISET (2C7,256,-i,1,1,2C9)
CALL ERRSET (215.256,-1,1)

C-.-------- - -------------------------
C 1 .1T ILIZEFLAGS.

C--------------------------------------

ISAG=O

IGAHU
10 CONTINUE

IBET=0

Iss=O

I NuO
'rh-aO

j 1772,0
IT?3m0
IFIZF)10
ZENO
IDSTIBmO
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ILESUGsO
IS !T=O
I PSD-0

zsoamimo

NCB.0

CT -- Z-- - - - - - - - ---- - ----- -- -- S R1 --- - - - - -- -
20 ILL F!1TC15 ('CL3SCSF 1)

WRITE AS 890) AS

17 4A IAHS.4E.IY) .AND.(IANIS.IE.IZ)) GO T0 30

30 WREITE (5,880)
GO TO 2 0

40 CONTIN1UE
C -- IF (IANS.EQ.XZ) GC TC 560----------SN2---------

50 CALL FRTC2S (ICLRSCiS 1)
WRITE (5 900)
CALL RDC HA! (IANS)
IF ((1Al4S.'IE.Il) .&Nt.(IASS.NE.IZ)) GC TO 60
G~ o 70

60 WRIT' 45'aB0)

70 CONTINUOE
C__I!_(IANS.!IQ.IZ) GC TC 560

80 CALL FSTCSS (OCLaSCE-4 9)
WRITE (5,910)
CALL ROCHAR (IANS)
II I(IANS.blE.IY) .ANO. (TNS. NE.IZ)) GC TO 90
GO 0 loc

90 WRITE 45,880
GO TO 40

100 CONTINUE
17------------------------------------ - - - -

CALL FRTCSS ('CLSCEbi 1)
WEITE (5,570)
CALL RDINT (IANS)
ICL=11 NS-1
17 (IOL.IC.2) GO TO 350

CALL F RTC!S (ICLBSCEN ')
110 118IT! (R 580)

CALL R CIAl (IANS)
17 4(IAN S.3Z.IY)A! (SH-Z) GO T 12
GO TO130 (lW.N.Z OT 2

120 WNITE 15880)
GO TO 16

130 CONTINUE
IF IIN
IF IOL.EQ.3) GO TO 200

CALL FITCHS (ICLISCEN '14 NIT! E 5600)
CALL 3 ClT ( INS)
INA S 1

150 I31?! 15 880)

160 isN)g E I
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CALL aDC8AR (TANS)
IF ((IANS.ZoE.I7) .AND.(IANS.N!.I2)) GO TC 180
GO TO 190

180 WRITE f s0)
GO TO 8

190 CONTINUE
U (IANSoQ .1!) 19-I
IF (INS.E.IZ)e

200 CONTINUE
IF (IOL.10.3) I?=1

CALL FBTCHS ('CLREC N )
WRITE (5 610)
CALL RDIT (IANS)
ITFI.lANS-1

C IF (IOL.EfV.3) GO T0 240
CALL ?RTCS ('CLESCI ')
WRITE (5,630|

CALL ROIh I(ANS)
IT2-ANS-1 S

C IU (IOL.1g.3) GO TO 240
C---------- ---------------- T3---------------

CALL FRTCNS (OCLRsCSB )
NIT (5,640)
CALL DINT (IANS)1T13 INS-IC--- ----- . . .. .--------- .----------
CALL PRTC2S ('CLSSCs ')

210 WRITE (5 650)
CALL R CAAR (IANC
IF ((ANS.ME.I).S..iZ)) Gc rC 220
GO TO 230

220 WRITE (5,880}
GO TO 210

230 CONTINUE
IF (IANS.ZQ. I) IPDFOIl

C- IF (IAS.!Q. IZ) I -C-0

CALL FPBCNS ('CLRSCBN N)
WRITE (5660)
CALL afli .t (AIS3)
I IsDI NT(ANS a)
C__ _(T0L.EQ.3) GO 7C 300

---- LDST AS---------
CALL PRITCS (CLERSCSY 1)

2910 WRITE 5 670)
CALL 3 CH~R (IANkS)
If (IAN.E.I1).An.(IANS.NE.IZ)) GC TC 250
GO 10 260

250 WRITEIs80

260 CONTINUE

IF (IAUS.NQ.IZ) ICSTABO1
C - ---R-----------ZAB-ODEBUG --- -------------

270 WNITE (S680)
CALL ChR (AIES)

y fixA.Ns.If .AND. IIAUS.NE.IZ)) GO TO 280
GO TO 290

280 WRITE 180GO TO 46d
290 CONTINUE

P (INS-IQ-.I1) IrauOGM
if(IANS.ZQ.zZ IlUB GwO300 CONTINUEC0 C ---------- ---- IPSO--------------
CALL roTCaS ('CLaSCIN ')vsIT z5690|

CALL NAliT (JARS)
IPSDIANS
I? (IPSD.0.3) IPSD-

I? (IPSD.IQ.0) GO TO 
310

CALL rgTCNS ('CLISCUN ')
WRITE (5, 00)
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CALL RDINT (TAN4S)
1!UmIAIES-1

CALL FSTCfMS (ICLESCE4 0)
ElBITE ( 5 8 20)
CALL 3R R L (liSR)
INORMIED NT A~qsai

310 1? (1 L.! C.) GC TO 350
c- ---- --------- IG--- - ------ -

CALL PRTCMS ('CLBSCENi 0)
320 WRITE (5 10)

CLL mChAA (TANS)
IF A (( S4. E. 11) . 410. (I A S. S E.IZM)GC TC 3 30
GO 40 3140

330 WRITE J 880)
G 0TO J26

340O CONTIN4UE
IF (IA. .T) IREG:1

_ I F I A IS.! ZQ. Z ISEGsO _
350 CALLFBTCS (OCLBSCib 1)

WRITE (5 120)
ICAILL aDRfA LAIsa)

15114?I NSA)IF 'IOL. C0.2) GO TO 360

"Il? (T 5 730)
CALL R RiIL (ANSS)

C----------------------------- ---------

V SITE (5 7140)
CALL RDR AL, flKS11)

C --------------------------- -----

0 IT! (5,750)
CALL RDP.!AL (AiSR)
MG-IDINlT (ANS)

360 CONITINUE

CALL PRTC3S 'CLHSCF1 )
W2rrE (6,760)
WRITE (6 ,77 01WRITE3 6,780) IOL,10,IRZSS,1E.ITFI,11P2,ITF3,ZPDPV,zE.IDSEUG,ISET

5T! (6,7901
SITE! 16:800) IPSrlYU,I4CRM,IuEG,NS,NC,NCa,NG

)_WIE1 1 NS ,bC, NOS , NG ---- BEGIN CALCULATIONS-~
N12*2*§S
CALL 11i(NS NC,.mCe NG,412,&CL.B.BA C1,c21,C .CWI CNED FBGC FOG!
IG GAMGME&U.HC D1 D2 iR11 141 AC r. SC4E NW1;2' NCI4M VN6 FMI 52HTB A al mic It A 36U6,1,VA1sH ) E,ISAfISAHjfS

C-- ----- 3tHE?~RifTTfRVNC __-------------------
70 CALL Rdg (AS

IF 4lN.Z1).AN.Ii.EI) aC TC 380

390 CONTINUE
1U 1ZN~l 1) GO TC '400
TI (IAUS.Z1QIZ) GC TC 560

400 COITIIO!
17 (XDZT. ) I 1 O 10
if I1SE! 11 GOS TO 10
CALI rITCal ( CLESCEN ')

410 al A 8140)
10 CALL EClID (TANS)

IT ((INS.N!.I).tIO.(ANS.ME.XZ)) GO TO '420

6 20 lilt; '1 0g)
GOT 106

630 CONTXIIJ!
I(IANS.EQ.11) IsArml
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IF (HOB. V.0) GC To !L70
CAIL FSjC&S (CLESCUN '
CALL RTAC ~f TNS

it ((AI IA)S1AND.(IhNS-4E.IZ)) GC rC 4.50IGO TO '6C
450 WITE (5 880)

GC TO 4'4
£160 CONTINUE

IF IIANS.!Q.I11 IS&H-1
IF JIAMS.I.IZ) IEAH=O

£170 CCNU
C -------- - - - -- - - IA---- - -

IF (NC. EC.0) GC TC 510
CALL FRT MSS (ICLRSC5N I)

480 vNITZ (5 860)
CILL ((IARK.Zj"SAND. (JAaS. NE.IZ1J C C TC 490
Go 50 500

£190 WRITE (5 .880)
GO TO 48

500 CONTINUE
IF iANs.1Q.IY) I SAG=1IF (LSS.EQ.IZ) ISAG=O

C----C------ ---- _ - -- ----------- IGIAH-------------------
I F(HG. EE.0) GC IC 550
CALL FRI M~S ('CLRSCSN)

520 Ven S 7 )
T1 4 4rIANS.HE2ZIj). 14'. (IANS.NE.IZ)) GO TC 530
GO 5'i0

530 VOIT! 45b880)

5i&0 COSTINUE
lip TANS.I IT IGAIM'1
IF ZINS:93.IZi IGAN'0

550 CONIINUE
C -------------------------IE IATE -------------560 UNITE (5,920)

STP---------------------------------------

570 FONIAT (24B1GEZNERAL OPTSTSrCPTION5:// 101fl5aOPTION 1 -- $E
INAMALTS 11 UICUT,/.221 ,3 r. CALCULATIONS./

(&ffPTCN2 -- SYST.IN AbALISIS, UJTH OPEN-LO /2X,25HEIGiN
T6CILCLAICS.,// lox3 hSCPTION - Oi'E 5-GEfISYSTEM F

SOLL04S 2216 3 HAND PiCORAB ThHRINATES / 22139H "?"-MATRIX ENTRY F"ItOATL!//11 48iCiTION'' __- ODAL DISTIBIUTION 3ATR
4159S COMFUTZDg 1 22I,5471 UIUCU! FILTES 09 REGULATOR SYNTHESIS / j 2X1ROR OSTIADY-S ATE ANAkLYSIS..//,l5X,30HSELECT AN OPTION: 1.LI 0
SA (A.)

580 PORRAT J// 51 46HE Y0OU0 DESIRE DES VALUES OF STATE AND CONTROL?,//
I lox -9I~ "US C "N".590 fOBRIT (/ 211 3O8CPTSYS L0/CLASSIC AL OPTIONS*,// 10X14340PTION 1
1 -- OPTI1IIL FILI!! AND/OR a EGUIATOR / 22X 37HSiNTRESIS 4ITH NC EXT
211MAL "C" OR "K" / 2M1 1.3HATSII INOUE ,/,1 43HOPTION 2 -- OFTI3131 rj~zvkmDOA EGATC / 21 7 HSYNTUESIS WITH EXTERNAL"CAlFjI! AiO NLAC ATI IPUT./ lo10 HrIck4 3 -- OPTIM~AL FILTER AmD/Cl
52&!GR1ATR 3 NT/4J21 27sS R ~SIS %411 EXTERNAL '19" / 22X 13HIIATRJX IMP

T.IICN '4 -- OPTIMAL FILTER AND/Ok REGULATOR / 2X .35
18161fll-WTHPJ I.11 "C" ANDE"K" /,2.3HT I PO.//. ox60 NSZLC IN c i. 2, 3 0o '4. ,21HMT

60 OUHAT (d XScS cO iou MESri fc OETE.DINE TETAD-STATE DESPONlS
3/IsX.N27101 ACCHSTANT DISTUIBINCE?,/, .9HTYPE "YES" CR "C

(6: F RA (Sr 47tico Too mr a TO DETERMINE THE IODAL DrSTIIIUTION,/,Bl
1 ISBAND Gia ITICES?, /101O 19HTYP! "YES" OR "NO".)@/620 f el5X36CPI-L4§TRINSFER PUNCTIO3 OPTION:/ lOX S.3HCP

620 CO iL M1 6PENLC TRANSE FUNCTIONS COMPUTED.,.// 161 460OFTI
2-- POLES RESIDUES AND ZNUCS CCSPUTED. // 10I,I42HOPTICN3-

4~~c 3 IY POLES hit 21905 C6MPUTE£. // loI.I45HCP+IO4 El - ONLY POLES &
4WD0 RESIDOES CCNP37ED. 101 '2ASELECT AN OPTIJN: , 2 3,R4

630 FMaIT ,e3 BICIo Ti ANS 19 FUNCTICN CPTIONS: /%l1~x!4q9HOPT16
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1 1 S- O NOISE TRANSFER FUNCTICNS COIMPUTz-D.,//,1OX,48HOPTION 2 -

2POLES, RESIDUES AND ZEROS COE;UTED. // 1Ox,4211OPT0: 3 -- ONLY ;0
LES ND ZEROS ND 6MUT!D. // 10X.'45HO2HION 4 -- ONLY POLES AND REsiD

I4UES COtIPOYED. ,/,, lX 32 SUECEAN (OP-:C4 1 2, 3. OR 4.)
6'60 FORMAT p~ 5 X 38HCCNfENSA:O0R 5A:FzHFuNc10PTol'IONS!,// 1ox9

IIIN.6CC"'P. TRANSE'E3 -UN;CT1CNS CHUE./,
2 -POLES, BESICUES, AND ZEEOS COMPUTED.,.// 1OX,42HOFTI0N "3 a-

3NLY POLES Ail) ZEROS COMPUTED. // 1OX,5CFTON 4 -- ONL OLES AND
4 RESIDUES COMPUTZC. ,/, 151,4; 46NT:: a CCMPZNZAroR TRANSFER rUNCTI
5ON CAN 31/I 2 33 HCCMPUTED ObLY IF EOT5 A aEGULA"'OR / 2'X?26HANt
6FILTrR Ail YNSIZD,/,22, 14IAND/CB I.;PU,. ,//,101NHISLZCT AN
7 CPTIol: 1, 2, 3, Ca 4.

650 PCRial (/.' 5X, 1
9r111L A FEED-FCRWARD OTSTR13UTION EqATRIX,/,5X,251

I""- 3AT2 X BRE INUT ?.//,15X,19HT'iPE "YES" OR "!lot$.)
660 FORMAT 51 S 63H 'THIS OPTION DETERMINES THE CRITERIA FOR DECIDING

lUBEEN A SAiAKOf /dX,58HPARALIETE3 IS ZERO-TffE MARKOV PARANET!B INDIC
ATES THE ORDEfi ,54HOF THE NUMERATOR POLYNOMIAL OF EACH TRANSFE

R FU/TI di.5zPALL "N" ZEROS OF THIS POLYNOd1IAL ARE PRINTEE
400T AID jXSHTHIS TEST TELLS 11C2 MANY EXTRA ROOTS EXIST AT Zz
so / JjHLSS ZHAN 10.0.* -If IS CONSIDERED ZERO. a/,x 4711 THE
6 HAPUL~ VALUE CF THIS PARAMETES IE IS 6. / 81 28kfIN/OTHfiR WONES
7, IE x1. CE-6 1 66HI1? YCG DESISE A HPfFEHT AARKOV CSITEPIA
8, TYPE TH I~ kGE± VALUE. ,//, 1Ci,L48HIF YOU DESIaZ THE DEFAULT VILU
9E TYPE "0" ZESC

670 P BRAT 6~ YOU DESIRE TO SYNTHESIZE A STABLE ?ILTER OR R
IEGUAT09ar_ Sx 1HDESTABILIZING; THE CRIGIIAL SYSTEM" //,12X,S2H

2 NOTE: WCBKS fC9 HILTER OR REGULATOP RUT IOT FOR BOfH,/,10OX,175IN I
* 3HE SAME gull. fl1OX,194TYPE "YES" 02"H".

660 FORSAT 5 X,531 AL ICU DESIRE TC rRINT THE EULER-LAGRANGE EI1GENSYSTE
1 * 1M/IS%, OIIPRICE TO CECDMPOSITICN ?O8 CHECKING TH! PROGRAM ?.//, 10

6021 liHTYPE "YTES" CE "O. IEST S PIO ,/1X5
60 F BRAT (//* K39HEO0'ER S ECTRAL DNIYPDOTO X5

1HCPTION 1 -- CMr-tIE THE PSD C? WE! CLTr-UTS AND/OR rHE /,22X.k:81CO
2NTSOLS OF THE C.N'TD-CLLzr SYSTI? 'aHT-N FORCED BY /,22X,4 HP2C7SS A!:
3D MEASUREMENI NOITE?. NOTE': ECTH A /z 2Y461iRsGULATO2 NNO A F!LTE
4R 3UST BE RESIDENT IN THE r /,22X 18dpS6GRli To USE rarS 07rION. /
5 101 53HCETION 2 -- SAME aS CEfIN 1 ABC7E BUT ONLY PRINT THE,/ 22
6f,34fiRESIflUES OF EACH TRANSFER fUNCTION,/,22X,28HUSED IY THE rs C
70OnPUTATION.,/4,IOX,Z4HOPTION .3 -- NOT CESIRED.,///,10X,29HSELECT A

700 FO SMAT (/ 6,90I:0NA SPECTRAL DENSITY P50 OPTION 2 :,/ OX 15
1HC;TIONII !- fID OUTUT NOT DESIRED. ,//.1ox.3BHOPTION 2 -- OMP6JTT
2 ONLY OUTIUT FSD

0
S.,//,1OX,39ECPTION 3 -- COMPUTE ONLY CONTROL PSO

3-S // ICX,50HCETICN 4 -- COMEUTE BOTH OUTPUT AND CONTROL PSDQS.,/
JS,1X,12BSELECT AN OPTION: 1 2 3 OR 4.)

710 kBIIAT( /,51 39H1CC YOU DESIAE AEG6LATOP SYNTHESIS ONLY?,//,1OX,19
lUTYPE "YES" 04 "'IC".,

720 PORRAT ,$5X 47HENIH"lThE # OF STATES VS OF THE SYSTEM IATRIX./,

730 POARAT 5X 51 6HETER THE # CF CONTROLS NC OF THE CONTROL SYSTEM
I M0DELe/olX 13I1 "G--ATRIX .)

7'a0 FORMAT g(,HS 54H1ENTER THE I OF MEASUREMENTS OR OBSERVATIONS NO 0
* 11111 /5 413A "H"-P.ATRIX .)

750 FORM1T'(45X,48HE1TFS THE 0 OF ;ROCESS NOISE SOURCES NG OF THE,/

760 #0ORMAT (51,S2HILAG/PARAM ETEa SETTINGS FOR THIS RUNS ARE AS FOLLOWIS:
770 fARAT 11 3HfroL il2HIQ 21, 2HIRv2X,3HI~S 2Z 2H15,2X 4H1"F1 21 411

1T?2,2X.L uI' 3,U ,..UIEDFN, 2X, 2EIE,2X, 6HICEbUG,2X,4HISfT,2i,6f1D TAB
780 2 PANAT ( X 12,3X,12,2X.12.2X,1,31,I 2,31,I2.MX,12,hX,12,4X,12,iX,I

Soo POBkT 2f H Ix 2' 12 5X ,12,3X,r2,2X r2.31 t2 21 12,/I

810 FORMAT (I CR IA ER OF SY.TES z,13,//52X:20fiNUABEfi Of CONTAOLS=
1.3 // ZrZWlInR Of OSSEOVATICNS =,I .//,2X,33HNUS8Ea OF PROCESS,
216i/St S6uuCis a I_- ////)

820 PORMAT 4 S1 53HDtNa8INE THE MCENJLIZATICN PAIAIETER INORM FOR TH
I!, HAW55NOES SFECTRAL DENSITY PS C OPTION YOU HAVE PREVIOUSLY
2 1X 51HCNOS2N, TUC FSD NCHAIZATION AITHODS ARE AVAILABLE:,// 15

A~ '~METHCD 1 -- FSC IS NORMALIZED BY THE I-NOP.MOTH PROCSSS,/f2IX,I&2§11N0TSE RINGS a NRNE 1 49H1 'OTE: " IS ANl ~I AL
5 STATE V FIGHTING MATRIX , 21l~ I HItS MIETHOD OH .0,1,..
6NG.,// 10 6N!OD2 p~C: NORMALIZED BY 74E I1N0RM -4G ;T;H
7MhASURfM104,/,211,29RNOtSE mrbc;s -R- INCRM - NG,INORM -NG .,/,21t
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8,51H NOTE: "R" IS ANd OPTIM~AL CCNTROL WEIGHTINIG MATRIX. */.2lX,44H1:
9H THIS nITHOD, IidCB 6 HIGN11 Oe , //E lox 1 51SrLZCT AN IN
STEGER FRCI 0 - 16 REERESE T NYOJ ;ifRSD[ / 1~ 7HUOR1ALIZATIO I REI
SUIREMl!HTS..//,1azS3HIF PSD NCR1MALIZAT6/3ISX LOT DESIRED ENTER IN
S ZERO.

830 FORMAT *~ i 43!HAIA LYSIS COMPLETE. DO YOU WANT ANOTHER RUN?,/ 15X, 19
INTYPE i s~ OR 'NC".)

840 FORM AT ,,L 1 5Xt4e DC 'fOU WISH TO SAVE TRE "?"-AATRIX ?7-01 79E tAST
I9 5A.3 To B5CE UsZD 1.11 THZ rFCLLO3WE"ch 2U'I //,.,NC2.; : -4-- !
1 AT§IX -IdL L BE REDISPLAYED AT /5X 34HTHE PROPER 13PUT SEQU74CE IN?
3ERVAL /,.I,40HANr YOU WILL H'I rfE GPTION OF CuAVG:!1G,/,5i,2!HI.SD

417IDUAL MlATRIX ELEMENTS I// 1ci 19HU"YPE "YES"e Oa "NO0.)
850 FORMAT ,'//.1,4HEDC YOU idI HT7 SAV '18E -4---MATRIX iF O THE LAST

I ,5i,A6HRUN IC BE GSED IN THE FOLLOWING P01' // 54 39HNOTE: THE .1
2ATfirX WILL BE REDISELAYED AT /5K 3'4'THE E95A~q INPUT SEQUENCE INT
3E1VAL,/,5X,40Ehlb YOU WILL HIVl TfIE CFTO' OF CHA4GING,/,5X,27HIND
4rI'JEDAL MATRIX ELEMIENTS. // 15X 19H1'YPE "YES'. OR "I!10".

860 FORMIAT U,5148ED0 Y0U -HIH 16S SAVE TH! "U";'-1ATRIX FROm THE LAST
6 31HRUiT BE USED t.4 THE POLL05ING RUN? // 5X 39HIOTE: THE M"

24,1WLL BE REDISPLAY!D AT T/ 5X 34HTHE PROPER B HT SEQUENCE fNT
3ESVAL ISX,'SHANV YCU 7ILLL HVI THE OPTION OF' CHAN'-ING,/,5X.271I.D
4IVIDUIL MATRIX fE~ifETS.,/,'/ 1X 19HTYPE "YES"10 O1 40O".)

870 FORMAT 1/// 5X.52ErO YOU WST6SAVE TEE -;-AMMA-!ATiIX FR.OM THE
ILASTI/ 41 364RUN4 10 BE U3SED IN THI FOLLOWING R0? UN,/5XK 39H407r: T
25! Trix MiLL BE RECISPLAY!D AT,/,5X.JUHTHE PROP-~i: IPUH siQUlicz
3 INTERVAL /,X 3GRANE YOU 'JILL HAVE is PTIOX OFCAGI?;/,X2
4HINDIVIDUAL 4kdRIX ELEMENTS. // 1 9HTYPE "YES" OR "NO0".

880 FCSEIAT (1X.51BWAPHING: IIFRO6RS DHii !N'I(RY! EITE-R "YES" J2B"C.
890 P03MAT (51 59HOFTEYSX IS A COPFLETELY 1NTFFACT1YE OPTIM'AL SYS-:EMS

lCONTROL.,1 5X 5-hPPOGFAM. IT 4111l SOLVE SUM1EROUS CONTROL PROBLEMS 0
2N THE / 81 4:SFCLLCWING TYLPES CE SYSTEMS CCNTROL EQUAT!ON3:j//,151

3 3HX5f - F*X + G *' GIM %Wdo)#/ wu2 22HMEASIRE . ~T GA
sAtiCz I4/1)if ' 1SL2J 1/ **INT EG IL'YA Y + U 3 *U)DI,
6//42UX,32iTE EE BEACK GAIN CEFINTI N- - //,5,OU=-C~.'
7 1 X,45HEC YOU WISH TO CONTINU1? TYPE "YES" OR "NO".)

900 fV~iMAT (25X,14B--EATA ENTRY-- ,,/51. W9HAL:HOUGH QPTSYSX :3 SPECXI
ICALLY DESIGNED TC READ,/ 5x 4 HALL IATRIZ DATA INTERACTIVELY, SEVE
2rEAL ALTERNATE /5X,3lHME1HO6S ARE AVAILABLE TO JSaS: //,10X 4

3
H~c

3THOD 1-H "E~G" AND "GAM1" M"ATEICES,/,13X 37JHMi~A BERE DI'FSO
4M SEPARATE DATA F1LfS. // 10X,SOHMETHOD 2--IHS or '*G" AND "GAMP1A
5" 3ATRICES MAY BE.,' 131 ,J* H EXELICITLY DEFINED WITHiN SfJBROUTINE "IS
6ETUP"I.//f,1011 N

6
?!: IN EIIEER CASE, THE USER SHOULD OBTAIN A C

70PY,/ 1 34HEF IEE ZROGRAM LISTING AND EXAM1INE, 17x 39HTH~v EXAMPSLES'c6IITAfNEZ IN S/B "SETUP". ,//,10o..45HD0 You' AISH fO CONTINU2?

FCM10TS P0l0h //51 CN1 OU WISH IC INPUT TEE "IF", -G", AND "@GA3M",
iiCx 4JHSATIC S FPOS SUBRCUTI1 E "SETUP " 1AW THE / 10x 40 HETHc10-D

2SSBDON THE PREVIOUS SCREEN ?,/,ISX5.19HTYPE 1IYkS" 5R "NO".)
920 FORMAT (//,41H.......... 3PTSYSX IS NOW TIFMIHATED .........
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SUEBCTIN S!IE gEA, ;Gh~l, S NC. 4IG

IMPLICIT BEAL*8(A-NO-Z)
DI'lENSION gksA ls) N 'SN) GA4S,NjU M2 85CC1.TF1,TFN /FOG DOLa I-r,IDSTAB,!D-'B

lOG,tSET, BEG,IFS,Id,.Op
---- -- - - - - - - - --

C IlLE CEFINITIONS

CALL FETCMS (IEILEDEE '1'03 ''DISK IX29A82 ',

ANI - ' A 8 'DATA__ _ Al-- - - - - -- - - - - - - -
C TIS S li l~FU LE CF AN8 X9 ATA FILE K29A92 D- lRA ?!

C A USE8'S DISK ANL CCNVEPTED (FROM A "DUlMMY" ARRAY iAiED 'DOUd') TC A
C SYMMETRIC ARRAY. THE FCRMAT STATIMENT MUST NATCH YOUR 0DIK DATA
C CRBNAT Oa THE PRCGFAM VILL FAIL! NCTE: ALL PROGRIM DIMELSIUMS
C RUST BE ENLARGED ACCCECINGLY FOR A SYSTEM OF THIS SIZE.
C ------------------------------------------------------------

REID (3,50) ( (U( (,J),J=I,85) I=1,SS)
DO 20 Ill,S
CC 10 J=l,YS

10 CC TINUZ

20 CONTINUE
C ----------- ------ ------------------------------------------
C TEESE ARE EXAMPLES CE SEVERAL POSSIELE METHCrS OF ARRAY GENERATION
C VITUIN SUERCUTLNE SlETP.THE "GA!" ARIAY iiS SiI ro iZnO SvICS Nc
C "4CISE" dAS PRESEST, ANC THE NCN-ZERu ELEMENTS OF 'HE "G" AR!AY WERE
C EXPLICITLY CEFINEE. THEY COULD ALSO BE READ F£03 FILES AS ABOVE.
C ---- -------------------------------------------------------

CC 140 I1ISS
D0 30 J=1oNC

G , ) =O.CD+O0o 2 1) =0. 1000r.D 1
30 CON fNUE
40 CCNTx RUE

------------------- ---------- ---------
50 FORMAT (5(E12.4))

INC
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--aa =====ana=na ---- -- al= = a = ---= =n fl -= = ==---

SUEBOUTINE CHECK (EES,4C 11G ,iC IRET)
C CHECKS THE ZONSIS4ENCi Of REQUiSTED CPTIONS.

DOUBLZ PRECISICS ES
COACH /95OG/ IOLI0,IB ISS,IB,ITF1, 1TF2,1T23,rPDFVI!,IDSTAB,I358
O1G ISE T. TEG IPSD,IlU TNOP

C.. ...ET dOAL AN/LY41S lHEN OL FIGE"SYS OR OL TF 2EQUESTED -
17 JIM E.E 13.klit. ',OL .EQ. 0). IOL=l
IF IOL . 3 .OR. ITF1 .. L) I3=1

C ----------------- CHECK TO SEE IF H A." R I.TUT ................ -------
II {4O .-E. 0 .OR. ICL .GE. 2) GO TO 10
WEIT! (5,90)
IRET= 1
R- TURN

10 CCNTINUE
C ------- TAN UNCTION CNECKS -----------------------------

IF (XE .1c. 0) Iz=6EPSsIO.'* i-tB)
C----- ...... .------- - CPEN LOOP T --------------------------------

IP 4 ITFl 8 0 .CR. NC .NE . 0) GO TO 20
IRZT=IIETURN

C----------------------- CCHPENSATOB TE-------------------------------------
20 I1 (ITP3 .EQ. 0) Go TO 30

IF jIREG ES. G .ANO. (NC .NE. 0 .ANE. NG .NE. 3)) GO TO 30
WEITE (5,110)

IRET-1f t:' URN
30 CCTINUE
C ----------------------- OISE TF --------------------------------------

IF (ITF2 .Eo. 0) CO rO 40
IF (..4E. 0 .Abo. sC .NE. 0) GO 'o '40
I 411GG 5. 120)

SETUS11
C-- ------------- DESTABI LIZATTOH STRICTICIS------------------------
40 Ii (IDSTIE .EQ. 0) GC TO 50

IF (NC .EQ. 0) GO TO 50
IF (NG .N. U) IREG=l
RrTE (5,130?

I (IF G .EQ. 1) GO TO 50

IRETIRN
50 CONTINUE
C----------------- PSC I T ---. .. ...--------------------------------

I? (IPSD H0 C).GO TO 30
IF (IPS .1. . 0 .00. IPSO .GT. 3) GO TO 60
IF (IyT .LT. 0 .OR. IlU .GT. 3) GO TO 60
IF (INC .LT. 0 .OR. INORM .GT. NGNO) GO TO 60
GO TO 70

60 WBITE (5,140)
IRET=1
ITU RN

70 IF(I3EG .0. 0 AND. NC .3E. 0) GO TO 80
lVlTE (5,150)

61TURN
so CONTINUE

IETURN

90 FCBfAT (//,51,49H R - MATRIX UST BE INPUT, I.2. "NO" MUST BE > 0.

100 f-6AAT (/,51,460(G) MATRIX MUST BE INPUT, I.S. NC MUST BE > 0.,/,
110 X26HTC CONPUXE CPIN LOCP T. ./)

110 FCIAiA (//,51 48BREGULATOR AL FILI! B S TN TFSI3 MUST BE REQUESTZE,
/,5,'aHIN TH SAME BUN TO COFFUTE CCNP!NSATOR I. F.,/,51,'TH1.E.

2I EG MUST - 0,. "1C" AND "NG" IUST BE > 3. //?
120 FORNAT (/4,5xtlHNOISZ T. F. CALCULATED ON.Y WHEN aEGULATOR CESIGN

lE, / 5x, HI.=. rIEG MUST = 1. -"IC" AN "NG" 'UST BE > 0. //)
130 FOIAT // i7HSX rlSTABILIZATIdN OPTION DESIGNED FOR k 82GULATCR,/

Isx 38HO l BUT NOT BOTH SIULTANEOUSLY.,//,51,55HIP "IG" > 3
2. ThE REGULATCB OfTICH IS AUTCRATICALLr SET!,/

140 FORAT (//,5,4 9H **,,*l,. INCCNSISTENT psD INPUT FLAGS **,*,*S*
I ,/8)



151) ECRIAZ (//.5X 44ieOTF a 2SULAItCR AND ?ILTEB MU!ST BE aS~~/1
11 .42HTO CUUE f SD OF A rCSTYRLOLLED SYSE&!,/,I,42HL.Z. IREG
2 AUsT BE 0. ANC 'INC- MUST BE 0.,//)
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SUBROUTINE ZNNES (NS '4C, '4 NG 12 ACL BBA cIm,co Ci d1,cwa ro, usc,
iPSO! G GAMlGI1,GilH All w2 1tEt2C SC4R 4 41 Oi~i
2RlNZ,5ZSTAEA.2:,NJC RL !a6z &,

6
,V.UDSO.S

3AH,1SAGIGAd,.ISETPiT. NRC NCCI)

IMIPLICIT EEIL~e (A-EN,C-Z)

DIZ!NSION ACL (NS IS LBGIC NCLIaEA(NS MS)CI(IS( C" gI-.3NS C1
11(1)1Cd8PS 'T ):8 14S1,16) VI(S.S - 1 I NS!if) ?F16I S\Is

2~~~~ iS dU2 aN)4 IS I4S) 421 N ,Ns~ 1 1

4~~~R )S *NORM (N15,NS DOESTA8(S A ~,S 3lN C
OGS(12) ,N AY 4 C Nc) Ba(N2),".C 32( CL (S) ,(m .
3,~(2~C), BY cNQ,!.2),a( ,'I2 ,STO E (NS,NS) 2R:!,(16, 16)

CO0N/FBOG/ IOL.I ,IE,ISS,IL?,ITF1,IT2.TF34PFFW,IE.IDSTAB,1I:B
1 UG, ISET , ISEG, IPSZ, IYU,1NO B

C -------------- --------

C-------- 4- E---0--OCTPUT OPTIONS -- ---------------------- ---------
C--10L ITHE OEN LCCP EIGEISY5T!M IS fl!SIRED--or:IERudtsz roi=O

C -IQ= L? TH! BS I LUES OF T4E CCN*T O.A~SA!A3 3 O
C-- -Ia=O IF OPTIMAL EILTER AND 1EGULATOd EIGENSYSTSIMS ARE TO dz FOUND

C---TR-1 IF EXIERIAL C EATRUX IS SUEELIED
C---IN-2 IF EXTERNAL Ku IS SUPPLIZD

C--R3IF 21TERNAL C AND K ARE SUPELIED
C ---ISS=1 IF STEADY STATE VALUES ARE TO 3E DETERMIINED
C --- III1 IF 300AL STATES-OESIaED
C------------:---------------------------------------- -

CALL CHIECK (ErS.,-EC.'4G,.'0, IS T)
IF (I'iT.E0.1) sETL'3!
If (IS T-T. Q. 1 GO :0 20
CALL READ! (NS~rSP? ,EA)
I? (ZOSTAD . 0) GO TO 10
ilRrTER15 180
CALL a RAL (a NSi)
DSIAB=ANSE
Do 10 I= I I N

GO TO 30

J ONN 0 =1E
00 60 1=1 NS

60 a RIJE (139)(E ,4="
CALL1 16AI 1480 ,N OUIEIEI0
CALRIT E (ESTAB(LC4  1 IGHGNS)2

s CL I A 5N C SG Gi0 C

IF (IEIR.O~ GO. CAL 90XT(S NII

C ALL BaLAN (ANSG ,LOW IHIG H c 2J S)
-ALLOUJIL Z AN (NSiNT OP IfGHGNtoo

CALL COUTRN (CURC,S C I4SIHRIT. D, D,1DCd)aiO~I~l,!

WVRITEa( 1l O
CALCOR"V*CT C SIRUE.S DD1,0,d0fNNIHC.

jNC.E.0. 82S~iG.O)G O9



70 CONTI.NUE
IF SIOL.EQ.3) GO TO 130
DO 0 1:11 3s
DO 80 JIISS

CALL IrIV (7SJI,NS,DDD,D1,r2)
90 CO0NTI UE

IF (IS8E.)GO TO 130
C~~~~~~~ ----------Ml DIAG(DESTAB) - N
DC 100 J=1,YVS
DO 100 1=1 41z

100 AA (I J) IN 6
i (I, J) *C ST A B(J)

DO M~ T1I3S
D0 123 J1.NIS
DDO-0. DO
DO 11l K=1,NS

11a ODCOODD+AA(iI)*is&0i(K,J)
OST'OR' (IJ)=D6c

120 BNlI 3);8(')D'
130 CO sT UE

CALL REACH (NC,:NS,ISAH,HO)
WBITZ (6,1440)
DC 1"40 I~1,?IO

140 WRITE (6 UN9 (H C(IJ) ,J 1 ,Ns)

CALL AODE ('d4CB,.O,C.1.S,1C,5S,Z)
150 C ONT IN U E

IF (IFDFU.ZQ.O) .;C IC 170
CALL REACE 4 1C,:IC .0)
WRIZE (6,11470)
DO 160611,00

170 CC.Ti7lI FK
NOS-,
IF (4C.EV,.3) GO 'C 590
r? tIOL.EC. 3 GO 'C 270
IFPi 3I.~..~.5:E 3) GO TO 210
IF (ISET.!Q..1) aC iO 180
CALL 8EAEG (NS,NC,ISAG,G)

180 CONTI1UE
CALL REACIB (4,C,NS,ZEGC)
14211!. (6,140)
DC 190 1-i Yis

190 WRITE (6 1590L (G 1IflJ=1NC
4,(a.N.1) 0c TO '4

CALL .D jWNiC52I ,G Z2l, NIS NS5 2iC,3)
200 C C NTINU E

GO TO 330
210 Do 220 1:11Nss

0O 220 J 119S
220 R a(I 4-MH, J)=0 .0

C ALL 1ECAY JN0IAY
D0 240 IlIN
DO 24a Jz11S
DOL-O. DO
DO 230 K1,MIO

230 CEC=DDD.AY (1,K) *FC(K,4)
240 AAJTI J)-DDDO

Do 250 1=1 .10
250 WRITE (6,11U0) (P.1(1,0) .3:1,1(c)

Do 260 1-1,11S
DO 260 JsI,1S
DO 260 Ku1,NO

260 Rn (IHR J1=RM1(I+MH J)s&A (I,I) *80(K,J)
270 17 (1 Ef.EQ. 1) GO 'fo 280

CALL REACG (NS,1(C,ISAG,G)
280 CONTINUE

IT (IOL.!V .3. GO T0 290
CALL REAC NCE)

290 11 IH (6,146-0)

300 WRITE (6 15901 (Gil A31 .:1, C)
IF (IN. . .1) GC TC 310
CALL ICD2 (WM0IfiI,G,BZ,NS,N4S,NC,O)

310 CON(TIN1UE
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IF (IOL.EC.3) GO TO 3L40
NRI. (6,11410)
Do 20 I1 iNC

320 IRITE 6 9O B( J1,
330 ITp T1E. 0 T C
C -- - :-OrFi LOCP TEANSvES PTUNCTIS ------------
340 11 ITE (6,1500)

CALL ~F (1S'SSAANG 0N HO C.:3F4,:), BB,CC,CP , W4 , Z
30 lflR,C-A1 SC J9C' ,ES 01iDOESTiIFX

1. F 4G.Es~.0) RETUSH
GC to 60

360 CONTIl(UR
IF (...OI.E.)GO TO 500

C-CILCILATION OF CCNTcCI. GINS:FOREATION CF CONTROL HAdlLTON:AN-------
C
C ** AND F . ARE THE OPEN LOOP
c F ~DY!A:ICS IATRIX AuD rRANS;CSE
C I -Gfl*BI*GMT ***El IS NCXNC CONTROL WEIGHTING
c I AT1
C ***& IF THE SSXYVS STATE WEIGHTING

C I & FT I
C --- ***G~i IS THE" NSXNC CONITROL
C CISTRIBUTION !XTRI'X
C--------------------------------------------- ---------------------------------------

00 370 I-1,3C
D0 371 ju1,IH

DO 380 Ja1,nq

DO 390 K-1,NC

-2A~~A TN~~B~1-------------------------~-,l~C!*A, ~ai--
C-------------D.ZAGONAL ELOCKS---Y 11 AND M22--------------

00 .390 E21,31H
10 390 jal1,1H

C____2_ BLOCK-------------------------- --------- -
390 U(4q,J)=-RN(IfMH,J)
C ------------ 12 BLCCK IS DEFIXEC IN LINE "430 ABOV-------------------
400 CONTINUE

I4IDEBUG.ZS.0) GO TO 410

CALL 3APfiNT if~, 9 RN 4 * 9(12 1P0136)'
410 CALL SALANC HMBE £0 c .fl'

CALL ORTHES ,,OIf9Rrf
CALL OaRAN (N ,ELOV -HIGH3 R1 2 4)
CALL HC22 (1, *L5W IfIGH,~~,.,EB
IF IR ~ 6) CALL E-RiXIT q,am,rERfR)

CAL ALEAK (B N .LOW IffrGH 01 1 X)
C---------DEBUG DfAGNOSfICS CN 56dB-LAGRANGE EQUATIONS ----------- -

UIF' .IEBGEQ. 0) GO TO0 430
(6 4~ (1520)

'420 11 RTE (6,l 1 i (), 1
HBITE (6,15) M 8I 4 1

CALL RAPRIT (IB~gx4'91,P1.)'
430 CCNTZ!JUE

IF CIDSTAB .2.1)GC TO 440
IF (NO eECO 5ilI! (6,17550)

U~ ~ .lO.E0 IlE (6 1560)
4'4 I 1108. 1!. ) GT ~

CALL RGAIN (B,NS,NC,11OB,48,dI,XGN,Wl1,S,2,1,C~AR,CIT,SC, eHS,D2

C---------------CEC 1) IGINVECTOSS----------------------------- -
U (I4DEDBUG .EQ. 0) GO TO 1450

CALL alAyNT 0diSNS.S,9,SC,4,1 '(S(l, I'D 13.6))'0)
'450 CONTINUE
C-----BESEr FLAG AMCE M .ATRIX FOR ITERATIVE DESTABILIZATION CASE -------

IF (IOSTABD .20, GC TO 470
DO 460 Is1,1NS
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460 EA 1I-1) =EA (I, I) -DESTAB(I)
470 C C ,TI.,1 J... .---- CALCULATION OF FEEDBACK GAIN - - -
..- ..- . .FEEDBACK GAINS---> U a -(BINVERSE) *GT*GN

C ..... .----- CALCULATE GT -----------------------------------
00 490 11.I C
DO 490 J=1,1S5
;RC(I JI=O.DO
DO 1480 K-1 la

480 P C IJ) = AO(IJ) *G(KI) * (K,J)
490 

1 1 )I -P)O(I
IF (ID T lE . (1. ) a TO ;00

C .. .. ORALIZE AND INT OPT. BEG. CLOSED LOOP 2GEN3ST2S 5
IVRITE=2
CALL CNOEM (C BCWICS°iRzzE.:isQDD1,D2,,NOa,. Oa 1I,rBGc,

CE OPTZMU FEEDBACK CONTSOL GAINS.---------------------
500 WRITE (6,1580)

DC 510 1r INC
510 WBITS (6,15901 (FEGC IjJ) 6J -l,.S ?
C -- COPUTE MODA MAT RI PE. It LcOS a-r VERSz SAVED IN WNORUI-

U (Z .NE. 1) GO TO 530

C IN COEPUTING 3ODAL C BECCMPUTY 9 CEEN LOCP SINCE WNORM USED TO STORE
C U 6 U-IlS FOB CLOSED LOOP SYSTEMS; WNORMI USED TO aVE U-£'IV OPEN LCCF
C ----------- --------------------------- ----

DC 520 I=tIS
DO 520 1=1,4s

520 w cO8(I,J)]=wtIoMI.J)
CALL S13V (:SQ, NCR DISDD,D1,r2)
CALL IODE (W.CGM.fBGI!,AA,.;S,:C,4S,3)

530 COUTINt UP
C ----------------- TEE CLCSED LOOP CNIIAnICS IATIX ----------------------

DO 550 I1,IS
30 55,) J=1 ,.:sSUN=0. 30

DO 540 K=1,1C
540 SOU=SUM+G(I,A)*FBGC (9,J)
550 ACLI,J)=EA(1,J) +SUMURIE316.4160

CALL P NiP,1T ( 1E,,HNH,,ACL,. lPD5(I1,1P13.6)) )
IF (XR.XE.1.ANlr.IR.VE.J) GO T6 9
DO 560 11,145
DO 560 J=1 IS

560 GN (I,J) =ACL(I I)
CALL BALANC 10) 'IS G-4,LOWIHIGH,01)
CALL ORTHES NS,1S,LCZ,IHIGHlG5,D2)
CALL OBTSAN NS,S,LO, THIGM GN, 2,SC)
CALL HQR2 (NS S,LONHIGH GN, C0,C71.SCI)RR)
IFL (IEBR .11E. 0) CALL EREXIT (NS, 4,1Ef)
CALL BALEAK (NS,NS LOW IRIGHCl 4S SC)C---- NORMALIZE AND PRNT LOSED LO6P 5DBOP2. BEG. kIGE1S¥STEU--------IP RIT!. = 3
CALL CNORM (CIB,CrI,SC, IS,IBITE,NSQ ,DDD,D1, D2,dNORS,.iNORMI,FBGC,
1AA.IIC NS)
DO 575 1-1,4S
IF (CWR(I).LT.0.Q) GO TO 570
WRITE (5,1610)
BITU RN

570 CONTINUE
IF ( Q.1E.1) GO TC 590
DO 580 ,11,SDO 580 Jl,NS

580 C11L J -)CALlAn (I (Sd,W11,3S,DDD..D1,D2)

590 OB=1O
17 ( YG .EQ. 0) RETURN

61;0 IF (ISET.EQ.1) GO TC 610
CALL BEACG2 (NS.NXG.ZGAM,GAM)

610 CONTINUE
IF (IOL .19. 3) GC TO 620
CALL READJ NG,8)620 WEITZ (b,1 440)
DO 630 ul S

630 WRITE (6,1390) (GAI(I,J) ,J1,NG)
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11 If.f.)GO TC 640
CALL 'lODE(Ct.ilAISIG1

6'40 CCNTINUE
IF 410L .EQ. 3) RITUSN
11 61 (6, 1 430)
DO 650 t.1 4G

IF 96T .E.0 I All-O(NG.iEQ.3)) GC TO 1260
00 oOI
DO 660 Jsl,NS
PRO4 I =)0.i00

DO 07J It1,'4S
DO 670 Ju1,MS

60K-1,M1G

I (IREG .E8. 1) GO TO 690
C-CILCULATION OF FILTER GAINs:!0BMATION C? ESTIMlATION HA&ILTONIA*1-:

C ***F AND FT ARE SAME AS FOR
C -T CCNTFOL HA3ZLTOL41A!l
C F -GM**GMT ***3 Is A1GzNG .STAEZ DISTUaBANCE
C I OVARI AICkr.
C I 4'R Is 11oX~IJ : 1AstIR :-7 NOISE
C Iaccvaarz1CE
C HI -O*RIN*Ho -FT I ***RC IS NOf;S AASURVIIl!IT 'T2-x=
C --- ***I~l 15 43XIr STAT:E 3:Sr"U3ANCZ =
C DISrIBUTION I1ATRIX
C-------------------------------------------------------

CALL 2EACE I CBC)
iERI7: (6 '1 40)
Do 690 1=1 NO

690 IF (1722.Q u t
C------ ------- S2 RAN3FSf FUNCTIONS----------------------------

WRITv (6,1620)
ITEX=2
LZERO0o
CALL 7.CNS,NS,. C,ACL.AA,NTG,GAf ,,l NHC,C:I,IZTRO.D,3B,CC,CZ,WR,
IV I3 SC PAREc DI D2 DCC:,.?S,ITp2,TFX)

700 (IRUE. 1) Go TO 9 30
IF (12 .LT.2)-G GO 710
CALL RfAiE (NSNlCPaGZ)
GO T0 810

710 CCNTI:WIE
C--------HE EASUBREET I&TRIX (HOT*frIN*H0-=>SC---------------------

DO 720 11,'No
DO 720 Jul SH

DO 73J J.1,.SH
Ba(I+IH J)0O D0
Do 730 t1,N0

73 R(df,)(1d,-mO lCI? FBO(K J)
c-----------------!m A*Q*G=T>6C-------------------------------

DO 7140 Is1, 4s
00 7140 J 1:YS

7140 aft(7 J+NS)-CQ(I,J)
GO T6 400

;-GO BACK TO 450 TO S12T 0P TRE FILTEB HAIlILTCNZAN; CALC.:HE FI-7ER GAIS
50 CALL 3GAIN (',S,NC NOBB UI, Grxrm GS~.1,RC,20.H,2

I? IDE0G EQ. 0) GO TO 760

CALL HAHM TI SS, NS,9, PRO,14, ( 1X , 1PD1 3.b))'
760 CONTINUE

C___ (_jjST1AM .EQ. 1) GC TO 770
C--------NORNALIZI AND PRINT OFT. ESTIZIATCE. EZGE:ISYSTEM--------------

CALL CHORE (CE,CT,PgC,UIS,IVRITENSQ, GDD,D)1,.12, 4MORI1,ZOa! I,H0,AA,
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1 NO, NS)
770 CC 780 Ix 10lH

Do 780 jai 30
780 Pic 4 163.40 (J.1) /RC (JJ)

Do 790 Jal.10

790 7 4  Ks l, H

WRI E (6 16-70)5GNJ '~ iX PDJb
CALL iAY P13bR1

WRSITE (6,16,30Do 800 I11

Do 820 1-1 SH
820 WRITE 4b , 19L4 ) F !G E11, J) ,Jm 10~)

C-----CO4U'!! IOD 1 9 MATRIX OPIN LOOP U-14V SAIED 7-4 iNOaYt--------
XE (1 .N1. 1) Gc To 830
CAL 'ICDE (WRO NIEBGL.AA..M8,MBNO4j

830 CONT14UE
C-----BSET PLAG ANLE f %A'rBIX TO ITERATIVE DESTA a LIZATIO4 CASE -------

IF 4IDSTAB E!Q. 0) GC TO 850
DO 4~0 J=I,IS

8L40 Bx(I,j)=EA(IJ)-STORECIJ)
18=2

850 CONTINUE
Do 670) Iul,MS
Do 70 jzl,::IS

DC 36m) K=1.:30
860 ZC,"SUN1+E!GE (I,F) *,C K,-
871) rnC4I. Jt . AJ ,.;) -sun~

CALL 1RAP9NT INS N s5POU'5l~Pl.)
IF (1.T. ) f'
CALL9 ~AANC (4sNi P50.LOW IRIGH,D11CALL 0a'TFIS (NS,NS.LCWII&, O,2
CALL ORTRAN (NS,3 10i IEIlGff EO 02 G51
CALL 10S2 (N3.,.dIiG,4 ' AC'"1I'R
ZP( 188 .N. )CAL XIT I bS PR0,1188f)
CALLBALEAK (NS, 4S!LL4,1 HIGH, Z 1,iS, G 3)
WRITE (6 1560)

C-------NOAL11Z AND PRINT SEOPT. 4-SrTfATOR Z.1I1ISYSTS-11-----------
IwBIT3=5
CALL CNO~fl (C8,CI,GlI,NS,IiJRIT!,NSQ,DDD,l1,D2,dNO.'l, lIORNI, 8O,AA,
1wC'4S)
0O 880 1-1 NIS

IF JR5ILT.0) GO TO 880
GETjRN

880 CONTINUE
GC TO 900

890 ? Q.C.0GC IC 1260

DO 910 J-1,'J'

D 15KulNO
910 PS1C4 ii3gi(IJ) .RC (I.K) *SGE(J,K)

C0 920 Jul 3hr

S811 K2 190
920 C~qCZJ) CQ(IJ)-FEGE 11,K) *PRO (9,J)
930 CONTINUE

C----------------N!RMS STATE Abr CONTSOL RESPONSES----------------
lB-ZR. 1
GO TO 1iOSO,lC90'C,9'q0) IS

94&0 DO 950 I11.NS
DO 950 jm1,JG
x( 0J=.0
oO s5O K.i,(;

950 11 I, J) X I J) *GA'~f1,.)*Q(K.J)
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no 970 1=10S
DO 9370 3z1,NS
SUMN0. I
Do 960 Kzl; NO

960 Susasum-x~.~ *GAP~ (JX)

970 CC(I J.JSU41

CALL 21NV (S d1ISDDD~l
CALL SCOI (Ns,G.43 1,C2.CiZ,4SGN.d21,CR,CIP0,GNJ)
WRITE (6 1670)
CALL RkPfiNT
VRITE (6,1680)

980 98 z1

1? j2.~ (6, 69 12k6-,1H

no 1000 3-1,.4s
SUz?=0 0
DO 990 Kl S

990 SuffnSU 11+E6C(I.K) *GN (K,Z)
l cc x 02 (I U N

DC 1020 Jal ,ss
SUM0. 0
17 INC. EC.0) GC TC 1020

1010 SUi=vG (1,K)SX (K,J)
102C PR0(I J)-C0 (,j)+suf

CALL 1COV JNS.,ul C.1 1,CWI,NIS,GB.,421,C3,CI,PR0,BA)
T.F (11C. B$.J) ;C rC 16L40
DO 1030 5
DO 1030 3*'1 'IS

1030 W21 I Jhsh2I (I,3) +FBGC(I,IK)*BA(J,)

DO 1 060 J .l,NS

T.? INC.EC.0) GC IC 1060

1050 SWM-SUP.+G ( I K) *W2 1 (K J)
1060 E4 Ro sulB

Do 1070 3=1: Nl
FBC (1,3 sf

6 
( +3 CQ (I.3) +PRO (3,1)

10)70 290(3 IM11E04AiAJ)
CALL 5CO vi IN 1~i,CWR ,CU I,NS,SC,W11,CIR,CVIPRO,CQ)
D1880 IsEC 80 Jar us

1080 GM ( 1 GB(IJ
GO T6 ilCO

1090 CALL SCOT (NS,SC,wII CUR CMI-,SSC,g11,CH,cWI,CO,GN)
110C I? MC.EJ.0) GC TC liso

DO110 lNS
DC 1120 Jol NC

1120C014
DO 11'40 Isl,NC
DO 11140 Jlu1 NC

1130 SC(I 3)OC(t,J)VGC ,K) *PRO 49,J)
1140 CONTINUE
1150 1? IJS Q 0) GO T0 1170

DO 1160 Jol MS
1160 CS (16J) OG'bl J)
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CALL aAFENT E 3, 5 GM .4,1 (5(1X, 1P013.6) )'
IF 12 G11 2 ) G-C TC110

DC 1180 H:' i

1190 CON'rIYU;
WR1'I! (6,1710)
CALL 3 PENT (-4E,5E S 5,CQ,4,0(5(1!, 1PD1J.6?1,
IF (N3c.zc.0) GO CICU

WI- 6 1720)
DO 120 f-i N

1200 WRITE 6 171o) (SC(,)JlC
1210 DO 122 1-I,3 *31,
122C Cj ,)OSA Q4,i

DO 12,30 1;1 vC
1230 SC I II)CSAT(SC(1,II)
124C 0 RITE b 140,

DO0 1254, f1,NS
IF (IL!.NC RI'll 16:1750k Sc S(1,I1)
1I R -- (1.37.1C81 ITI (b 1750) C I I?

1250 CONTINUE
1260 IF (13 EQ.D OT 1290
C--------FORI CIIEIA~ B OM tillS IC INPUT AND COMPUTE---------

D1280 11,NS
Do 1280 J-1,NS
sUN-0. Do
DO 1270 Kai '30

1270 SUP-SU!4!+EEGf(I K) *IiO (K, J)
126C CilIJ) ;ACLaI 5) - ZU1.

ITFX I3
IZEROm0
CALL !!F PS S NSN C,AA 1 ?GE11 4C FBGC C%1 :Zz:2o,',Bs,cc,cp,
1 Cdt C4, C,.;C!,AESD1 02,D6D,hrS.1T13,ITFX)

1290 COWINUE
C----------- COMPOTE 250 FUNCTIONS OF THE COtiTECLLED SYSTZ11----------------

IF DIS .EQ. 0) co T0 1310
IF (1!U .LT. 3) GC TC 1301
CAtLL PSDCAL (iNS EN x C,GW GV.FBGC.NOEiY HU HO ?3GE-IG,

1~ IAC D14 I4 ,D1D JCF,fiS, ~,CEB,CC. I ,L SD IVNORY)
CAL PSD AL I(M.NS ,R!.,CG Cv.rsc ,ONY't 3~

1 GAM ACL BA R ,w31.15,J&.cFAS Q.RaC.5ECC,2 *I SD INORI)
GO T6 M3C

1300 CALL PSDCA.L MtiNS,RM X qC G G BCs fAU GEN
1 GAtI.ACL,BA,' iR,kI Dl saJHoPDTP

1310 IF (IS S .10. 0) RfTtJgN ,!..C5~Cu.~DI~
IF (NC NE1. 0) GO TC 1330
DO 1320 la1,!4
DO 1320 Ja1.NS118 ACL41 W euA (I .3)
CALL AINY (vSQ.ACI,NSDDD.Dl,r2)
CALL REAL: *,I4 R)
WRITE ,1740 (iRa(1) Is 1 NG)
WITE (6 1780)
DO 134 0.X14

DO 1340O Jal,XG
13190 V11 4 Wi) +GAM 11,J) *W2(J)

DO 1360 I 1, NS

1350 DO 13 VCR % ACL I J) '31.(j)

CI (I) -0.0
DO 1370 Jul NS

1370 CII 1CII)F!+ (.3*CB (3)
CN1I!(6,.1790) C(Ij),I S11,C)

C;7 0 FCRMAT (2x 126C14.61/.2x.614.6)
1.380 FORMAT SZ4H F Nd LOOE 0T AMICS BATSIX.................... .,/)
1390 10551T (16021:40PE1I.4))
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1400 FORMAT (//,5X.4511 Co3NTqOL ZISTRIBUTICN MATRI:( ...... .. /
1410 FORMAT (//,5X,4&5JTHE CoNTicOL CCST MATRIX ........ n . -'1
11420 FORMAT (/,,51,45HPFCCESS NOISE DISTRIBUTION MATRIX.
1430 FOBMAT //,51 45HFGWER SPECTRAL DENSITY - PROCEZSS 4OIS1.. c0.,/
14(40 FORMAT (/5Xu54iMEA3UREMZNT SCALING . AT I . 1/
1450 FORMAT (/'5X.(45,FC;IER SPECTRAL DES ITY-MEASUSEMENT NOrSE.* .. N'1(46C FORMAT (//,SX.45TICLTEUT CCST MATRIX ............. A.:/
14070 F CSM AT /5L 45FMEASUR3M:NT Ff!DTI13CUGH MATRIXc ....... 0.. .1
1480 F 0 M A - 1 2f,3f... 13ABttIZATION CASE. , 1.. . J,39F-iE i('1-1

1WING VAL6E~ ILlL EE ADODZ Z 0N IO.4HH O)IAGO:iAL .;F 7H "F" ?A
2TRIX TO DESTABILIiE IT.,/ 1OX 

4
/HOPTI3AL GAINS FOR THE DZSTABILIZT

3D SYSTEM,/,10X,39EARi IdEN' USID AS FIXED SUBOPTIMAL GATNS,/.10X.29
4HPOR THE SYSTEM CALCULATICNS. -A/)1490 FORMAT (///43H PECGRAM TEA IIG DUE TO UNSTA!JL7 SYSTEM)j

1500 FORMAT (//:2X,31HiC;EN LOOP TRANSFER FU1NCTIONS-)
1510 FORMAT L/5XV32 EOLER-LAGBANE SYS'ITM SATiIX.. /
1520 FORMAT (,, x 143HEIGTNVALUES AND EIGENVECTORS OF T:Z 2N X 2N,/,21,

145HEULER-LIGRI(NGT! SYETEM3 LFTES HQH2................ M
1530 FORMAT (1%IP-1:13 6)
1;44C FORMAT 1)
1550 FORMAT 1//,2X,41HfEIESTSE OF OPTIM!AL 3EGULATOR ......... //)1560 FORMAT (,2X 41FT GENSYSTSI CE OPTIMAL E1&O.....
1570 FORM A- /,X0R I~ET3 Fi4OM RGI: i(IO3l :0 CNORx 1
158C FORMAT (,1X.57&IHZ OPTIMAL EZEDBLCK GAIN CONTH{OL Af..crv

1*GT*S...,/
1590 FORMAT (IC(2x1 po ll14m
160C FORMAT // 2X U5HTiHE CLOSED LCCF DYNAMICS MATRIX........ F-G*C.. ,,,)
1610 FORMAT ///,651 -PiCGRAM TEAMINATING DUE -O UNSTABLE CLOS:,D LOOP

1 SYSTim)
1620 FORMAT ( / ,2X,61~i4OI3Z TRXNSFER FO..C1ICNS *32HT:iaoUGH THE CLOSED L

looP SYSTEM.. */
1630 FORMAT (// ,5X,4i hPILTE STEADY STATE GArIS..................K.. -11)
16410 FORMAT (l,2X~lP6Cl4.6~ CPFLI Y(MC ARX:. 0
1650 FORMAT (//.lx 43Hn E8OE CZ TT- YARC3ltRX-
16o0 POH4MAT 3HR-CSRA1 TZIMINATING ')UP TC U.57ABLE 71LTESi
1670 FORMAT: /5 (, 4,~5HmiE COVA&IAN;C- OF TH ESTIAT:Oi TBRG? ....P.?-//)
166(C FOSMAT (/5X,:45HF S VALUES OF THZ ESTIMATION E.,OI.............. /
1690 FORMAT (i S1,PU1J.I AC PTEETMT.....3iT./
1700 FORMAT' (,5X'45870YI AIINC OFT2ET3AZ..... .A.,
1710 FORM.AT (//:5x 45dTHif STATE COVARIANCZ !ATRIX.£KXzHA- + ... /
1720 FORMX.T (i.5X 45a TIlE CONTSOL CC7ARIA4CE.......... U=C'ZHAT*CT.. .//
1730 FCSMAT (RO

4 ~
1740 FOR'IAT (R,,XiHTT M E~NE2X2dOTO MS RESPONSE,/')
1750 FORMAT iX. is 15. 25X D15 7)
176C FORMAT 3X ,, ,5,5CdlEENSATOR TBANSFER FUNCTIONS FROM .NEAS. TO INFU

IT,/.51,1k. ~H....................... /Z -C' (SI-F*G*CtK*H) INY'IK...,/'
1770 FOEMAT p/2X L46HSTEADY DISTUBEANCE VECTOR.....................

1780 POS AZ x (//,5biST!A[DY STATE VALUES OF S3TATE 7AR. ARE ........
1790 FORMAT ,5X,4S7H STEAOY STATE CCNTROL IS............................/

1 ,104 VCX 1 241
1800 O0R AT f,

5
XI49H ENTER THE AAGNITUDE OF THE DESTABILIZATION VECTCR

16/ 1 xL44~6 BE ADDED DOWN THE DIAGONAL OF THE 'F"-MATRIX,/,3X1R1HT
20 DESTABILIZE IT.,//)
END



7$'w

s1uENST~~ 10 PST4 11 ,.1L,.IIM)

DO 20 4L=1,N,L
if

10 W RITE6flT) 4A4I,J),J=NL,Vl0)
WRITE 6f 30)

20 VU. NU. L

30 FORMAT (11)
ENEC
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SUROCITIrE RGAIr f.SNJBiE~,7,~1,c,'2,Tc:~T,
1 HS IT)

DIENr 11,1 4

K~

N lpZEV~
10 IF (K.GT.21) GC TO 210

--- ---------------------- -
C CHECK ?OR fIGVAL AT CF 41!A2 J-OMECA AXIS TO I4CLUDE 1.4 E-L EIGSYS
C TURNI FIRST ONE PCSITIVE AND SECONLE ONE IIEGATIVE

C 1071 iGRcAESfNR (K))
17 (EIGVB GE6 10D-1O) GO TC 60
IF (RI(K)) 4 eiC,'4O

20 NRZEVu4RZIV.1
IF (p8zEv GT. 1) GO TO 30

CC TO 80
30 ~R K)=-EGVR

Si ITZ (6 290)
GO TO 158

140 NC'ZE7=,NCP7EV4 1
IF (NCZEI.GT.1) GO TO 50
WIR , ) 'EIGVR
VH fK+l 1 'EIGVR
r1C TO 110

so WR (K)-RIGVR
11 (K* 1 In-EIGVE
HIT=E 6 30)
GC TO 8

10 IF O~R (W)1 1 U0 70 70a IF W I (K) 110 8c ,1 110
- -lGiNVICTCa ?09 REAL ZIGEIIVALUZ,2OST:IVE ------------- -

s0 if 4 01Q.0) GO TO 100

90 TCE P a' JN
100 NP 2+ 41

K=Ke 1
GO TO 10

C ----------- !IG11TECTOi PCR COMIPLEX EIGENVALUE,POSITIVE REAL PART -------
110 17 jNo8.Ej.0) GO TO0 130

Flay? (J.11
TCS (3d P)U?R+FI

120 TCZ J.LP#)mf9-FI
130 52'P;,22

9- 2
GO TO 10

140 IF (WI(S) 18 150.180
C------------- IGENE6ICR FCR REAL EIGENVAL3ESIEGATIVE REAL PART----------

150I I () ,a N GO T 0 1713

xKNllwS
0O 160 Jul,~

GO TO 10
C ------------- EIGENVECTCB PCI COBPLZX !IGENVALUE,JZGATtYE REAL PART---

IO Blua (K~
C a(K'
C( KV)1 a E

c KNIIN

Do 190 Ju's
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Pt=V? (J, K)

TCE (J, KNS)t2-8I
190 TCBJ, K NS+1)=F-FI
200 +214=K1142

K=K 2
GO TO 10

210 CONTIlUE
II (NOB.1NL.3) GO TO 240

C F...ORMATION Of .2l-------------------------
D0 220 1=1,9
00 220 J=1 IS
11 (1 J) T613(,J-S)220 c"T(1,J @11 ( , J)

C- FORMAtTION OF i21 - - - - - - - - - - - - -
tDO 230 I=1l,N5
DO 233 Jsl,'iS

130 W2111I J) = c8(I NS.J+FS,
40 , 1(90B., C. ) GO f 0 Z.6

DO 250 1 5,NS
00 25J J=1.11S

250 v1I.J) ='CB( + S,J)
260 CO ItiJUZ
C- - INVET 111---------------------------------

CA Sc IV (4S=1,s11,S,DETC,LT,.T)

C--..-CALCCLaTZ THE SGAIN MATPIX------------------------
Oc 27) IL=1,'IS
00 270 JL=I,NSG',4(EL, JL) 0. L0
DO 27J KL=I,NS

270 GN (L JL)=f4(IL.1.+) w21( T.,KL)'d11(KL,JL)
IF 68j...) BkTCRN
00 280 =1 a00,280 J=1i.'s

280. CT 1 1,J) a wI(j, I)

C------------------------- ------------------ -------
290 FORMAT 1X,51R EULEB-LAGBANGE EOATICNS HAVE A 2EAL ZGENVALUE AT,

11148 O AJA ZEO.,/)
300 FORM'AT (1X, U9H EULER-LAGRANG EQUATICIS HAVE A COMPLEX PAIR 01 ,40

lH1IGEBVALUES A1 01 41AR1 THE J C3EGA AXIS.)
END
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snBPooTIz; INV ()SQ,A,:JZ,L,.)
IELICET REAL* ( 0-E,O-7)
DI!-u454 IA~C 1.()1N)
DgUBLE ?EC SIC A,Cr6I.A,dOLC

D=i. DO

CO 180 K=1,.1
NK=4K+ ,
L (K) -K

BIGA=1JKK)
DC 2) -K, 1
1z4 * (J- 1)
DC 20 I=K,N
IJ=IZ+I
if ( )-CAS(A(IJ))) 10,20,20

10 BIG.A(IJ)

20 CCNTINE
C ----- INTERCHANGE RCWS -3=L (K)

I?' (J-K) 50,5C,3C
30 KI=K-.N

DO 40 I-1,11
KIKI+ N
HOLD-A (KI)
J3=KI- K j
a (K a 31)

40 A (JI)=H Lt
C -.. .NTERCHANGE CCL0 NS ------------------- ---
50 l 1(K)

IF (I-K) 80,30,60
60 JFN*(I-1)

DO 70 iP-1,S
JfgNK+J
JIf=fJP+ J
HCLD=- & (JK
A 3K) =A (31)

70 & JIHO LC
C-- ------------ CIVIDE CCLUMN BY MINUS PIVOT ------------------
C---------- ---- (VALUE CF PIVOT El ET IS CONTA13ED IN IGA)-
80 IF (BIGA) 100,9C,100
90 DUO. ODO

RETU0RN
100 DO 120 I=1 NIF A-K) 110, 12C,110
110 IKf K+l

120 C .SIT 3 /U
C---EDCE UlTRI-------------------------------

DO 150 I11,N
IKx3K I
HOLDzk (IK)13=I-
DC 150 J-1,N
IJIJ+ N
IF (I-K) 130, 15C, 130

130 I? (J-K) 1)0,15C,1401140 K0 3iI-I.K
&(IJ):;HOLD*A, (K.J) +A 11IJ)

ISO CONTI UE

C-- - - -- - - DIVIDE SCW BY rIVOT -------------------------KJ"K-.l

DO 170 Jal,N
KJ=KJ+ N
IF J-9) 160 170,160

160 A (Kils A49J)/6IGA170 CON'I IU
1-- ... - ---------- PRODUCT OF PIVOTS --------------------------

... ... EPLAC PIVOT BY RECIPROCAL -------------------
& (KK) (1.CDO) /2I3A
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10 CON TIi UE
------- HlOW ANE COLUMN I T R H N E

Ksa4
190 XIK-1)

IF K) 26C,260,200200 I=L (K)

20 IF= I-K) 230,230,210

210 fl(3) I1O-1

DO 223 J2l

A I JR (K ) - A 1 )250 A (31)=HOLD
263 1'

21 E IU N
DO25 Tl,

KI , Kl95



COTO EINPORM(PSS)O H B 03U
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SUEBOUTIII SCCV W1L~~LI ,YL1 VL2 S 49 WRI VRI V,72 3X)
REAL04 VLI(N VI2tL L(4L l)* 'LNL,iL),L(NL,.Nt).Q(NL,NIR),

I VR I(N.1 145i) kE P a NR) , kEI (la,,)
3L*4 A z,CGK,231b

10 DO 20 1= JLi
DO 20 J= 1 .iR
X ( J) =j.

20 XOI J = 1, J +YL 1,1)* IIJ

DO '40 I=1,Li
00 430 J= ,R

1 1
50 IF (VL2(I)) 60,11C,60
60 J=1
70 IF (V12l(J)) SC,90,80
80 A=VL1 (I) +vR1l (3)

Bx-2.* VL2 JI) *V52()
C=A**2+VL4L 2( (J) 2*+
DUC*S2-B**4 ()*
K 1 l*C/ D
K2-- RV 2(NJ *C + VL2 (1) * B) /D
K3-( 2) *H+Vi2 (I) C)/ 0
K4-A*5/1
I1=.1

XI +31 K22* Q (iJ I( (J +) -K4*(11 J)~ + K 4*. (11,3J1)

GO TO 10C
90 A-VH1(3) *VL1 (I)

B=A**2 ,VL2 (1) **2
K 1 A/S
921VL2 (Z)/B

X (+J) K *3 1. ) -2*r(7+ 13)
3.(+1 K Q(j)+ IQ (1+1, J)

100 IF (3.LE.NE) GC TC 70
1=1.+2
GO TO 160

110 J=1
120 IF (VR 2(J) L 13G, 140, 130
130 1= £**. +v 1 ( 3142

K1-A/9
92-V52(3)/B

GO TO 150
140O ( I J,) RQ (1,J), (VB1 (3)4.711 (I)

150 IF (J.LE.S4R) GO TC 120

160 IF f 7LEN) GCIC 50

DO 170 J=I,UR
Q (I,J) 0.
00 170 Ilms NL

DO 190 Jxl,NR

180 z~ 1(1,3) +g)1 (IJ3) *V3 (3,33)
190 CCU I';'E

RETURN
EEC
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Casssn aastw uss, aw w=aas= amm.= sSSS fl=SfamSmtlSSAflZstla
SUB3OUT14t 3ODE (%CMGGO12i,'liC%

C NOUM TRANSPOI~NAlICI MATRIX U CS U-INV
C bs NO. OF STAIE=
C VC NO. OF INiFOTS OP 3UTPUTS
C ICON COIlUct ?LAG TC INDICATE WHICH TRINSFOat"ATION
C 3 MO COAL G
C I = OD, l GAZ'NA
C 2 *MODAL H
C 3 a MODA LC
C 4 - MODAL K~
C 5 a CONTRCL EIGENVECTOR tATRIx
C 6 a ' LAStIRENINT EIGENVEC'ICR M ATRIX
C asaS mamaZS2.S

INELICIT FEAL*8 IH~-z
DISNSION ~OM(SN)GI,2,OMN,2
00 13 I.1,N1(
DO 10 J-1,,42

20 rO i2G0 9~'0 ,0 20 90 90 ) , IECINT
Do 30 1=15.S
DC 30 Kul INS

30 GNOR (1, J) -GUC2B (I.1 *INORM(,) OKJGC rO (4.3 7 0 0, C~fl+u), 1,70 N'
40 iRIT'3 6 170)'
so DO riS i 's
60 v 5 T Z (6;.130) (GNCP. M (1, J) ,Ja 1 '2)

GO TO 50
GO 0BT 16,240)

GOTO 50
90 CC 100 Jal I S

DO 100 T=1,:31
DC 100 K I, NS

100 GNR't, 6=CB 1 11 3?.+GI K)0ICBMIK~

I10 WRITE 6r~ ' 1 .I0)'

120 2 RIT (6 200)
GO TO 151

130 1 ILT E 161210)

140 WRITE 2(6,22
150 DO 10 =16.i

C ---- ----- -- ------ -- ------ - ------ ------------------- --- ------ -----------------
170 FOB81AT (//,5x g5HECDAL CCNTROI DIS-RIBUT:ON STI . IG
180 FOMT , 5CHMOCAL PROCESS NOISE DISTRIBUT:Q'i .4ATX.. .TI*rAE.

19 OlAt C/,,,45HFcD AL MEASUREME'IT SCALING MATIX .H(BAR):T-: //I
200 PrA (//,5l £,L5HISE MODAL CONTROL GAINS................T..//
210 FOBA // 5XL45fiCCNTROL iIGE4VECTOR !1ATRI1............... C*.. .1/)
220 F~A j/5145HffEASU2E MENT EIGENIVECTOR MATRIX ... H(BAR) *,q..//
230 VOBMA? 1! 12X lD1LI.6)
240 FORMIT //.',,5 IANCD AL PTEU STEADY STIT! GAIN1S.........TI*K.. .1/)

END0

97



SUBOUTIVI C-40511~

C i Z(1) REAL PART OF I-TH EIGENYAT.UZ
C
C WYMI CCMIFLEX PART Of I-Tl1 SIGEMVLUE
c
C V~c KlITBIl OF RIIGH~T EIGENVrTCiS £T.:~FOii
C FF.CNl H90R2a
C is30. Of STATES
C
c IWRITI FLAG TO CONTROL FoSnATS FOR DIFFERENT EIGHESSYSESs

Cs
c 9114090 KORHALrZED UtTRII El CP RIGHT ZGENVECTURS STORED
C By co~tlINS IN SEAL ?QRM GNETR
c INRilfI. a-INVERSE 2*CONGUGATZ OF LEFT EIGYETR
C STORED or R0w in REAL PORM
c NSQ.CED,D1.12 - ARGUMMITS PASSED TO A1INV
Camasm-m=ma 353fl55 mZfSSassS -to555 =a====~fl Mas555 l=m.s Z

IKPLICIT REAL*e (P-U -Z
REAL04 EILLDCC.MMA, S ONCOL ,RIG 'FRT
DIMEkION 4z YN5 ,.NS) VECANS.NS) WNflOS S),W03I(NS,IS),STCR

/ zv*_0 4

C - NoRM!!0,EjALI~ZE~ C6MPLE EIGL;V!iCTORS BY LARGZST LLIM ENT--- --
KKuO
L 3w,)
LC=O
CC 50 K2l.N4S
IF (KK.ZQ.1) GC TC LaO
I? (DABS (IY(KH).L7. 1.D-10) GO T0 50
LC LC+l
DOAKEl2o ia
CMCD-7EC (fIX) **2+VEC (I K+ 1) *2
IPAicMlDEMAx) 20,10,16

20 c N*l1

ViEl-VC (11,K+ 1)
DO 30 1s1NSS

4 ~ ~ ~ ~ ~ RVEC4 (V*NR1*VI/EA

YCN(V3*VlI*v IIVM)/EBIAX

Jo OR4 1)VICIS

GO TO 50

50 CONTINUE
C-------CSALIZE BEAL EIGENVECTORS BY TEE TOTAL LENGTH---

I? (DABS(%Y(K)).Gl.l.D-10) GO TO 8O
LHDLR~ 1
iEBODmo. co
00 60 1-1,NS

60 RIZNOD FEC . K) **2*93rOD
OBOD DSQ3L AEM Or)
DO 70 Is 'IS
BVECwV!C ~ I.Ky'rB

8 CO TIICIE
Go To 9SC 10C 110,12C,130), IVFITZ

90 WITE ~6 63201
GO To 146

100 WRITE 6 330)

110 WRIE (6 340)~
GO TO 1L46

120 WRITE (6,3501
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GO TO 140O
130 WHITE (6,360)
1'40 IK.

NPRTW- 1
DO 180 Iz1 NS
IF (KK I .) GO TO 170
IF DA ;S Iii(I). 1.D-O KK-1

C----PHITOUT NO~O ,UTfili WORDS, SO0T SEPARATTIlG C03tLiX LIGVAL-----
IF (KPRT .LT.5.OH (NRTW.Q.5.AND.KK.EOC.0)) GO :0 150

NE!TW= 1
10 NPRT'Ad NF1)TJ. 1

IFi(. GC TC 160

?MF (llF'lT4==Pt!LD
.1 MTW4P 1~

160 510RW (P14=6~i2( )
F1rT(Ni F!IT ')= IEL

STOR BE(PSTW+1) iY (1)
FMI (NFIT'i+2) :FIELr
F!T (NFM1T43) SEMCCL
NEOTW=-NFMTI+3
SFTW=PFi+ 1
GO TO 18C

10 KK=O
180 CGITI!4UE

WSITZ (b .E!ir) JSTCRE(2 J=1Nd
IF 1IE:E ) G2O TO 190

WIE(6 370)
GO TO 206

190 WRITE (6,380) V 16XlP3.)200 CALL R1 P NTN 6)OR

210 CALL 3 0 (W0MaCN,5
GO TO 230 3

220 CALL MODE (VECsmho C11 3s 1l1,N2,6)
230 GO TO (24C,!50 ,2C ,170,285) *WIT
2140 WRITE (6390)

GO TO 296
250 WHITE 16 400)

GO TO 296
260 W R TE 16 410)

GO TO 26
270 &ITE (A 420)

Go TO 296
280 WRITE (6,1430)
-------------SAVE U-IlTERSE CEEN LOCP IN( dNOR.1-------------------
290 1? (I7BIT! .GT. 1) GO T0 310

DO 308 1,1 "s
00 30 1 4lS

300 MUOBI iI J)uM~CFt (I 1;
CALL N If HNG,4CHMI,NS.0DCDi2)
CALL RAP ZIT (NS,S,S6,WNORMII,4,'(6 (lX,1PD1J.6)3)f
BETUaN

310 CALL MI4NS NCR ,DDDl 02)
CALL RAPBER UISiS IXI~ iMQ'61,1PD13.6))')
RE TURN

320 FORMAT /1Z42IIOEEN LOOP SI0!SVALUES .......... OET S-)./)
330 FC 81AT //X.46HC-LCOP OPT11AL REG. Z-VALUES ... :) T (SI-?*G*C) ./
,340 FORMAT //1X,'46HC-LOCP SUBOPT. BEG. !-VALUES ... DET (SI- FG*C) .. ,//)'
350 P03MAT //tK,i46HC-LCCP OPTI3Al EST. I-VALUCS.. .011 (SI F4K*Hl) :/
360 FORM1AT //1X,46HC-LOCP SUBOPT. EST. E-VALUES ...Z4ET (SI-.+K'H ..
370 FOBUAT //,I 146HCIE14 LOOP RIGHT zIGENVECT~a 1kT~.IX ........1.
380 OE* //X1469C-LOUP SIGHT STIGENVECTOB 1ATRIX ..... 2.
390 FORMAT //'x 46HC!U LOOP LEFT 11015 VECTOR IATRX .... . 1/
400 PORRAT //lX:.468C-LCCP OPT. REG. LEFT I_-VECTOR .IT1X ~IV.,/
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(Ila FC2,f117 (//Ix 46HC-LOOP SUSOPT-BEG. L4FT Z-VIECTOR ?4ATRt..!-tNV,//A
'420 FORMAT (,,11,46tfC-LCCP OPT. FILTER LIFT E-VECTOR 'MATRIX.. ?!W!IV,//)
'430 PCONAT (//11.STHC-LOOP SCJBOPT. FILT-Oa LEFT E-IIECTOS NATEIX..M-.3V.
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C=ua sssas==~r~==a== za~a===unsast===..ss
SUBROUTIINE T? HPN.NS3 A AA N 3 Bm. L C CM IFDFI D 3B,',P

1 EVR ZVT. r I SC
IMPLICIT' REAL*~ 6 I-A, 0-31

DIMESIONU .4 AA ( 0 N J3R 11) 1 C R CAL. IN D4L313IN

C- COAP TATION CN CL ANID CL SYS 51ITH MOtAL WORK DONIE IN)'~T
IF (Ii'FX ZQ. 1) GO TO 50
IF (ITFX !Q 2) Go To0 10
CALL PrZLES (N Nf,"ABv. C RI DI 02 JCF,SC)

C----------colPcl llCrAL 1MILS'L'Oh aiSIDUZS ---------------------
10 0O 20 I21,,11

DO 20 J-1 .11
20 Ah(I.J)aS4z(1,J)

00 3 1 I1 ,
DO 30 J=1,i
CM IJ

DC36 1.11
30 M(IJ)=l(cj+I '0.Z

DO 4h0 113
N0 (HI Ji3=E (14 A(0K*8KJ

DO 46 Z.-l's

00 60 J=1,1L
If (ITT11E. 3) CALL ZE30S IJ.Vd,,,A.eq,,~,CC

1 EVR C 1D2,P
i? f -1,5 2)C ELaSID (I jell JC L,3,C3,2a,21, 3ES , BC: , 1)

60 OhI~lz
BETURN4
ENID
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.Ct. . .s.ss.s. .f.ss. .a.u. .. . .s . ..a.s. . s..= = . n...=
5U0021 POE NSlA,AA,?,8,L,C.EYB,EYI,01,32,JCF,SC)

* IMEICZT SEAL'S (A-H.C-h)
DUMENSION A (N H3) *AA(N,3) ,8(N,) *C(L, H) EIVE () ,EU (N) :)1 (N) .2 (3) ,J
Do H21.
DO 10 Jl1,5

10 AA (Ili) IA(X3)
CALL BALANC BGl
CALL ORTEAN (NM,NvLOWIzr-HA A,D

2
ASC

CALL 8C32 (N ,,I.6W, IhIGH,Ak,EIR,SVt,SC,IERR)
IF (I=SaE 5. ) GC TO0 30

C111 3ALEAK i jI, N,LO;ElH I GH,D 1,3 C)

20 UEIE- (S,10) EI11),E7I(I)

30 RIEN (5,*60)

C------------------------- -------------------
SI0 FCENA? II 285 TI CENO3t5AT0E ElGZNILOES:,/)
50 FORMAT jH 2i35 t Uf?13.b 4t0+ 1(I 641B5))
60 lCHflT aLU I- a 1n R , CJOZ~T4N POLES)

102
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IMPLICIT BEAL*S(A;NC-
DmfENSION AeS jC (

Uuki P~ci'SCL HDABS

DC 13 r1 11

DO 10 Jzl,:4
10 AA(I IJ);A(I J)

R ITV 16 50) A

I iPAi4 K~Q *) GO TO 20
H!D K2 K .LE.EPS) GO TO 20

Sc, I~TI

GC TO 4b0)
20 JN=-1 AD

CALL C11 (NS,N11LCC 'i"PA
Ti 11 32 (H ..JE ) G O TO 40~ ~ TE~

70 C IN 1

80 1 T 4o! (5110)
so HIS 1045'
C AL -8 A P----- 

-EC qH

110 P0 5kl3 11 ,12 0 O D E O N S R T a * 13 ~ 3T ~ 1.4
120 FOirm (6'130,57EV.E SA ZV I G!VL! (1)~D~G ETAEOS Z

100 FORMAT 11A1I;fHE FINITEI ZC .CUAF GAINCO =,E12.4

END
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SUEHOUTZISE ACOANP
REAL*8 I H C-

DO 10 J= ,IN

END
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D~L' I .Us cc c N
DO 10 ra1,o
cc (1) .0.
DO 10 J1l N

10 CC(T.) CC4I4C CJ) *A(34)
Do 20 Z

20 C 11)=CC (If

9 El TJU. NIN

105



FUNCTTI SCL (N,2,C)
R!AL*8 3,C,SCL
DIIENSION B (N) C~ (N)
5CL0o.
D0 10 114(3

10 SCt=SCL C11I) *3 (1)

'IC
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SUB ROU'L9E RES ID (K I 2,N.C ., :1Pi 1
IMPLICIT FEAL-e (A-HC-I

TT sm/se*SINIa'/.la
DATA Z23C,0.DO/,Tl/4Hi*T **/t BLAbK/dRi /,CS/dH*CQS(B*T/

C--- - TEMPORiA5Y AOD TIiL JC L3 AL5AT D
DO 10 1=1,t1

10 JCr (I)Oz
- E1PORARY SCE - - - - - - - - - - --

12 JIPT= *EQ. 1) 4siTE (6, 170)
DO 0 1=1 11
BE(MI= 25 ( Kl)

20 CC 4i) =ci(KI , )
C - - LOOP THROUGH THE ? O L----------- ---

30 1=1+1
IF (I . ;T. ML GO TO0 160
IF (JCF(I) *ZQ. 1) G0 TO 60

c IF (DABSI( AL~~~~ Pl 10 ~ gE GC TOUJ i0T
RES (I) =CC (I) *9E(r) +CC(E:+1)'BB 11+1)
RES ITil) =CC(11* E i1.1)-C,- (i+1)*Bs (1)
IF (r2T .O 3) GC TC 40

PSTfi =BLANK!
if? (2T (2)R2A
FST 3'11 (_ .Q. 0.20)PE(2 B4
PET (L.) =FD
WHI ;- (6,180) ().(IS()?3(,J14

POT4 1)S
wilE 6 l1,O) PR (1), rI (I) ,RES (), (PRT (J) ,3=1 4)

40 T-L.1
GO -0 30

50 COIJTI4tCE
C------------------- CCMPUTE SIMPLE REAL POLE 8ESID---------------------------

RES ('1) CCZ(1) * 1
I? Ir2 .*Q.0) OC TO 30
POT (1) =-,I
PRT (2) R2
PST(J3 =aLANK
PRT4IU) =BLANK
WHI-E (6,180) rR (I) ,2I(I) ,E I P?(),=
GO TO 30

C----------LOOK AaEAL TC DETERMIN4E SIZE OF THE JOR~DAN BLOCK---------------
60 Kul

KT=N-t
DO 70 J=I KT
IP (JCF(Jf EQ. 0) GC TO 80

70 K=K+1
80 CONTI!l0E

IF (DABS(P() 1'. 1D-10) GC TO 1 10
C---- -- COLINUT! &1P EAT OMPLEX ;CLZ AND0 PRINIT OUT ILL OR------

Kual
HES()=CC (I)*EE (T)+CC(I411*B41+1)+CC(I+2)S*BS(L+2)+CC T+3)*9s(t+3)
RES (1+1) =C(I) *BB i1+ 1)-CC +1 * 53(l) *CC(I.2)* B (143)- -C(T+3)*i3(:4+

12)
aS14.21 C I *B I3)+CC (:41) *58(1 2)

IF 12? .iIQ. 0) GO TO 100
PST 1) :R2
IF DABS aPR T)) .GT. 1.D-10) GC To 90
POT 1) -E AN
PHIT (2) BLK

90 PET(3) =CS

UNITE (6 1i80) PR (1) P21(11 ,RES (1) , (PR T(J) J-=1 ,4)
POT (3) =Si
1I1+1

11 RTE (6 180) PR (1) , El(1) ,DES (1) , (PST (J) , Jul 4)
FBT(1? atI

PS 1R2
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II

IF (DABS UR(I)) .LT. 1.0-10) ;RT(2)=BLANK
PS Z(3) =CE
1=1*1
WEITZ (6,190) PH (1) ,;1(I) ,RES (I) ,PET (1) ,K, (PHT (.) ,J2, 4)
PET (3) =SNI=£ z
WRITE 6 ,190) PH(I) , EI() RES (1) ,PET (1) K, (PHT(J) ,J-2,ulGC TO 30

100 1=13
GC TO 30

C ---- COEPUT- ,!PEATED REAL POLE aZSICUE A4C PPINT OUT ALL K OF T E-
112 C0:1T-:iu E

KTI.K- 1

00 130 JsI.KT
38=NN+
RES (J) -Z!3O
00 121 JJ',KT

120 RES(J) H=5E(J) +EB (JJ) 'CC (JJ- 4IN 1)
130 COsT IN3E

IFIPT .EQ. 0) GC TC 150SN=
21? (1) =T1
PET (2) =E2P it 7 (3) =B LAN~KPST (4) =SLANK
0 1.J A I KT

14 ITE (6, 19) PH (J) PI(J) ,RES (J) ,PRT (1) ,NN, (PRT(JJ) ,J3=2,4)

GC TO 30
150 ImKT

GO TO 30
160 CO TZN UE

IETURM
Ci-;------------- ----- ---------------------------------------
170 OEAT (//3X. 22SESIDD3S AT TEE ?CLZS:/,:16,)O[? 0 L Z 5,T41,15H"E

IE 5 1 0 0 i9 ,974lExL (A) 126 7HIIAG (B)180 FORMAT 13 X I ,E36 4H)+J (, 136, 1H) V1.. , (?13.6 1H ,3A8f-Al)
190 12OSAl" I/ X 1H(,F 3:6 , H Ji"E13.6, li) ,4,lfl:,F13.6,H) ,ALI,..,2X,

12A8,A1 )
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* Cssausa s sa l ml== =l~ = s= Is I=s=I==sasms =s==a= lSa= 1s s=usss = ====-

SUEBOUTINZ BALANC (4M, 'I, .LOW,IGH,SCAL-)
INTEGZR I J K L M N, oJ, SGH,LCW,IE XCIEAL-3 A(iM:NfL9 e H,, ,,LE(N)
RZAL*8 C FLGR,S,E2, BADIr
BEAL4 DAES
LOGICA L NCCONV
DATA aADIX/Zf&210000C0O00000/

C ------------ - -- ---------------------B2dSAD I~e*RADIX
Es=I

GO 1O 60
i: .......... ---- -LINE :NCCIDUR - 

FOR SOW XqZ COLU." ZC3iAlGE- - -
10 SCAL-Z(i J

if& GO TO (5050 IF (L o.. 1) GO TO 20

& ( :A(Its
A II, ;} =F

20 COT 0 J j

00 70 Iu,,K,
F= (I .:.3 G O7

DO T 10

30 CaTINiE
liL Go TO (§C,90) 1I0C
C -- SEARCH K ROS ISCLTIIG IN TIGEVALUE AND ?USE NPES DOWN-------
90 IF (L EC. 1) GO TO 230
60 DO 80 JJ&IeL

0 00 0 1.,L

IO 110 Gc iC

IO IAI I10 .! .00 OT 2

10 Co TI uz

NaKL
XCS2

GO TO 10
C -----. 2SElARlci OE CCLUS ISOLATIN G AN# -IGE.IVALUE AND PUSH THE-S LEFT---
980 KK-
120 N120 JKL

DO 110 I3,L
3 7 %(I T.O 110
cc {A siJ) . E O.ODG) GO TO 120

110 UCOhITsU L
8 KIEXCv2
GO TO 10

120 CORTIN EC ........... OaBALANCE THE sgEV.ATBIX IN BOWS K Z-0 L ---------------
DO 133 JaKL

130 SCAL (1) OD TC --- TIBATIVE L30P FOR MORN R EDUCTION ----- -----
150 NOCOV .N LSE.

00 223 0G,LC:QOO0
GRI! 0 DO
DO 150 0L
GP (J . E;! ) GO TO 150C.=C D ASS JA 1, I))
E=I+OA ES ((,)

170 COGTINUE 'G AGAINST 7ERO C OR R DOE To OIEFO¢ IF 3C .Ej. 0.000 .CR. R .ZQ. 0o0DO) GO TO 22:)

GxC BALI

160 I' G(E.G. G) GO ToC 170

CRCt32
GO TO 160

170 G=R*RkDr. I
180 IF (C .LT. G) GO TO 190

109
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C--227 ----- NOW EALANCE --------------- -

190 I ((C * B) /I .G. .95C0 S ) G 1 ~
SC41LZ ()SCAL E(1) 'F
NCO44-. 29UE.
rC 2'Y1 J=K,:4

loo A~l) I~ (1,J) *G
2 0 2 ~

IF (IOCONI) GC TO10O
230 LCdaK

IGH-L
BTURN
END
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Canass assuMammas a xsgas===a====a..=a..=== =sa=

RIAL01 t.d.a (IILE

RIAL-i 0S9R T. CAfS.csIG
LA-lG~i-1
KFI-LOWd I

IF J~ Ll.KPI) GO '10 100
Dca 4 -KEI. LA
lUso.3D 0
CE? (l) *0.000
SCALZ=C. CDO

C- SC CAL E CCLUAN (ALGOL IOL THZN :4r DOD----
DO 10 r-O !Gi{

10 SCAL*-:SC!LZ+CAES (A(I 1)
lf.4SCALB ZEQ. L. BO) GO TO 90

DO 20 tlmM,IGia

ORT(Z I 1~- 1)/SCALE

20 CONTI N 1E I
G-0SlG'I (OsQair(H)r,0E1(M))
H=HH-JRT(5)1*G

C - OMG---FR (!-(U*JT)/H) A -------------
DO 50 J.flN

00 30 II-M,IGH

30 C CNT IN U

ZC 40 1-0 IGil
JI0 A(J =A lf,J) -F*CBT (!)
5 0 Co~fiffU
C-- ---------- CRM (I- (U-9') /H) *A- (r-(U*oT)/H)----------------------

DC 80 Ia1,LGH

DC 60O JJ-M.IGH
Ja ppF-J 3

6Q CONITIN U~

0O 70 J-6 IGil
70 i ) A(1,J) -I*OST (J)
s0 CO N tIE

03? (MI) -SCILE*CET (H1)
AR M- ) CLE*G

90 CNIU

100 RETUR

Ev _ _ _ _ _ _ _ _



SEOTINI ORTHA N t, .IeLOW IGH A.ORT,Z)
INI!GEH I,J,J;,X148 19d 4H .Thw ,pi
3EALt4 A (NEIGS) PHIT 6HG) 4 (N 81)
REAL' . S

---- IHITIALIZE Z TO IDENJTITY MATRIX -------------
DO 20 1=1 ,:
Do 10 J=1I N

10 111 0D
20 COAT ;U!

KL-I~a -LCWd-1
IF LI 1) GC TO S0
IO 4 v1,'lKL

M PIGU-1411IF (k(L P,89P-1) EQC. 0.000) GO TO 70
.NP1 4p +1
DO 30 1511l,IGH

DC 4$0 181P,IGi

BELOW IS qEGATIVE OF .4 ?DBP.E IN OP.TFS
C--------- DOBL.~DIVISION AVCIDS POSSIEL!ZEZ0HL'--
G;s(G / OF?7ON)/l(iF,.IP- 1)oo 50 :-MEIGHR

60 C ;tT. a!
70 CONTIN1UE

INC
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S!OOTI~l HqR2'tl U3M. ~OdIGH H WR~odi.,:!3z-a)

REAL 8 ? QYfs ' .57~LYa.Av.Rz,NO3M,lCdiEp
1L4 ri,lsGNA.AV

LCGICAL SC-LAS
CC!!?L::X *16jZ3
C011PLEX *16DC3L
REAL~j DPEIL "=iXG

C-STA'ATLIT FUI3CTIONS ENABLE EXTIACTIOS OF ?.ZAL AND IMAGINJARY-
C ------ RiTS OF DOUBLE PRECISIONi C flPLEX NUMBERS- ----------

011k. C 3)-Z3

DITA .ACl~fP/Z34iidCC0COO0CCOO,.
IEB!CaO

Kz1
C --- STORE FCOTS ISOLAT!D BY BALANC A4D COMPUTZ IATRI N BN

0O 20 lsl,N
DO 10 J=K,S

10 NOBRaiIoSH*OkBS(N(I.3))
Ka t
IYJI .GE. L0i IhND. I .LE. rGH) GO TO 20
We () fl(I 1)
WI (T) =. COO

20 C CNT INUE

C-----------SEAiCHFOA M4EXT BIGINVALUES------------------------------
30 IP (EN LT1. LOW) GO TO 290

NJI=EN- 1

C ---- -LOOK FOR SINGLE3 SMALL SUB-DIAGONAL EZ~-------
40 00 50 LL=LOV,EN

L-EN,+LOW-LL
IF (L .EC. LO0U) GC TC 60
S=DBS(H L-1,L-1) )+CASS(H(L.L))
IF US.E. 0.0CC) Sm O M
IF DABS (H(L,1- 1) ) LE. MACHEP * S) GO TO 60

50 CON INUE
C- ------------- F0RM SHIFT ------------------- -- -----
60 IS"1 (EM 25N)

17 CL .EC. EN) GO TO 220

IF I L .EC. MAI GO TO 2.30
IT (ITS .10. 30) GO TO 500
IF (ITS :ME. IC *AND. ITS MNE 20) GC IC 9O
C----------- -- OSM EXCEPTIONAL SH IFT----------------------------- -

00 70 1-LOW EN
70 H (I I ifI fh-I

Sm UBS i(I H ) ) *LAES(H(HA,ZNM2))
IV 0. 75 DO *S

Wo-O.4375D0*S*S
s0 ITS=ITS+ 1

C-------- ORC 10913 CONSECUTIVE SILL SUB-DIIGONAL ELEMENTS.----------
D90 M3IL,ENM2

H-ENM2 +L-dM
RZaWt (11 , M)
RaX-ZZ
Sa-El
pa (a *S - 9) 0 (sa! I )+4 (.1 3+1)

S=CABS (k) *DABS (9) *CAES(R)
/PS

IF (N . L) GOTO 100
I? (DB NM,-) DABSIQ) + DABS (R)) .1E. MACHE? DABS (P)
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-I

1 * (DABS(H(M-1,M-1)) + DABS(ZZ) + 0AES(8(3+I,3.1)))) GO TO 100
90 CC'ITINUE
iCO nP2=1+2

DC 110 I=MP2,N
UeiI-2. =C.ODO
1(I .. . 2) GC TO 110

110 C NTfIA a
C -------- DOUBLE QR STEP INVOLVING aCWS L TO EN AND COLUMNS :A TO 4 .

CC 210 ,

It (K .E. M) GO TO 120
Q=H(K ,K-)

a ,C. OD
IF (NOTLAS) RuS(K2 I,-1)
XODA3(P) DAS CABSSE
If (X -QZ. 0.2 GO T2
,=P/X

120 S-CSIGNSCSlR?(F 42 4 8*J.R*a) P)IIF {K 3)GO T 30

GO TO 1 c130 IF (L .NE. 3) BKK1= K I
140 Pp*S

XSE/S

ZZ= _/S
a-a/p=R/P

C-- ...........-.. C aOEIFICATICN ---------------------------
CC 162 J=K,N
Pug (K,J )+*H K+I ,)
IF (.N ORC. 0TL5|S GO TO 150
P-P+H (K+2,J
R K+2,Jl =H(K+4,J) -PZZ

150 H 1K,J) + i (K+I .2 -P*
B (AJ) H I,J) -f*x

160 CO TI.rEJfiINO (EN,K 3)C------ ......- ---- COLOU.N . CDIFECATION -------------------------
00 180 IxlrJ

IF (.NOT. NOTLAS) GO TO 170
P=F+ZZ H (I,1 2)
H I,K+2) j,(K 2) P*R

170 H IK 1}lH ,K*I) -P*Qa I g = I (I K) -
180 C STI 9C--- - -- ACCUMULATE TRANSFORMATIONS ---------------------

DO 200 I-LOW IGH
P2(*.O4 I, O) y)& (1, ?+1)
I (..OT. OTIA) GO TO 190
PF+ZZ (I, K+2)

190 Z (I,K2) 2 (I, ) P
Z I .1Z (I, K) - P*

200 C11.IGE
210 CONTINUE

GO TO 40
C - ---------- ONE CCT FOUND ----------------------------
220 H IN ERI(,,. T94 (EA) ali (ENV EN)

II ,E-) =O.ODO

GO TO 30
.OCTS FOUND- --------------- ------------

230 PIYl- XI/2.OD0
iZZxD T IDABS (W)

off (LN XN)

Hol: ,N I) -1T
IF (Q .L*T. 0.00) GO TO 270
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C- ........ REAL A- - -
ZZ PDSIGN (ZZ, E)
WR (NK) :X ZZ
Wa (EN) =% NA)
I .NE. O.ODO) WB(EN)-X-W/ZZ

WI (EN) O.0DO
I H(EN ,NA)
SZDABS X) +DA3S (ZZ)
Par/SQxZZ/5
R=CSQRT (E'*P'P,*C)
Pap/R

C. ---------- - ROW EODI ICATIC. - - -
DC 240 J=4A,JZZ=H (' A, J)
R (NA,J)=c*Z+P*H(EN,J)
H (EN J) a*H*(ENJ)-P*ZZ

240 CCNTHN U E
C -------- -- COLUMN MCDIFICATION -

DO 250 I=l,EN
ZINA)H(il A)=GZZ P H(I. 'N
Hl (ENi; =H(I, N) -6*z

250 CONTINUEC- --- --- ACCUMULATE TRA NSFOF 1AZIOU'S-----------
DC 260 IaLOW,IGH
ZZ'Z(I, NA)Z (I,NIA) 3 * Z *Z( (TE'i
z I. E = *Z(I,N - ZZ260 CCI. N I
GC TO 280

C - ---------------------- CO PLEX EaI- . .--------------------------------
270 'A (NA) X.P

WR (EN) sX+F
WI (NA) aZZ
WI (3N) =- ZZ

280 !N-ENM2
GO TO 30

C----------ALL CCTS FOUNC. EACKSUBSTITUTE TO ?I- -
C ---------------- VECTORE OF UPPER TEIANGULAR ZOM
290 IF (NORM .EQ. 0.00) GO TO 51C

DO 50 NNZ1,.NEl~tl+I-N4
PWR IEN)
MlW1 (EN)

A-El- 1
IF (Q) 370,30C,450

C----- ---- --------- --- REAL VICTOR-------------------------------
300 MUEN

H (EN Z)=I.0D0
Il Ah EQ. 0) GO TO 450
Do 360 i-Il,NA
InEN-IW-H(I, 14-P..
IF B .GT. IA) GO TO 320

DO 10 JM,3A
zOxi oA.oico, Go T 330
S,,l
GO TO 360330 alI

IF (WI (I) .NE. 0.000) GO TO 340TuWM
IF (W .ZQ. O.ODO) TsMACHEP*NOSE

GHA M 6C /T

.............----- S- SOLVE REAL EQUIIONS ---------------------
340 l-H (I,I1)

T t' (1. 1, )

,,IwR(I) - P)"(wRt)f - 2)+WI (1)* (I)

X *S -Z /1
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IF (DABS (X) .LE. CABES(-Z) GO T0 350

350 k (Z~l EN) z(-S - I* )z
360 CCNTI4UE
C - --------- END REAL VECTO ------------

GO TO .450
C- -- CNLIVECTOR ----------------

370 NUA
C - A T VECTCR COMPONTST C:*iOSZ~l :1, N 43Y 3 a -----

C - - ZIGINECTC3 j;ATRIX Is --------A~--
IF (DA5S(H(El4,NA)) .LE. DABS (R4NAZN)) ) GO 70 380
H(NA. 'A Q1JH IEN IA)
HANA EN -)HSA

380 .3 C -(E10 i( EN.N)NA,EN) )/DCEFLl(H(NA,NlA) -P,Q)
NA MA PLX(O 000 -H(

U INAN) =OIMAG(3
39 (!,N)C.ODG

rM2N HA-
IF(ENM EQ. 0) C-a TO 150

DO 140 IX.1,zsNE2
I=NIA-1I

RA:RA+H ff YA
'400 CONTIVUE

IP=,1d4 (1) .GZ. 0.00) GO TO 41iC

SSA
GO TO 440

410 '121
IF WIff ~INE. C.OEO) GO TO 420

Zw2!L -RA.-SA)/DCMPLX ('40)
Ell =VI AG (23)

C ------------- - - SLECNIXEUTOS------------
420 Iu= (1I.1+1)E

Y., ff (1*Ii
72=i (Ri) - 1)'(ws(I) - P) +w 1 () *4I (I) -Q*
VI: (T.(I I- .0
IF (YR .10. 3.OLJ AN*?. VI .ZC. O.3DO) YB=IACHEPSNOR25* (DABS (i) D
lA St (+ C ABS (XL,* CABS(Y) * LABSSZZ))
Z3-DC PLX(X*R-Z..*RA*C*S&A S XSZZ*SA-Q *LA)/DC3PLX (YR. VI)
H (INA) CBEAL(Z3)
SI 1 E E=I~G CABS (ZZ), DAES(Q))4 GO TO 430

+' ( fi.NA (:RA - '4 HI:E'A) t Q*( ZN) /I
13 1.1,EN a(Sk V I U.N) - 4k(IN)) /I
1GC ITO 4 4

'330 Z 3 -C 1P L X(-R i Ia 2I A) S -YH4, EN),CC 1P L X(ZZ Q)

8(2+1 EN)~ DMNAG(13)
440 C UTZ , UE
C------ - - ---- END COIIPLEX VICTOR--------------------------
'450 CONTIUE
C ------------- END BACK SUBSTITUTION4. VECTORS OF ISOLATED ROOTS ---------

0O 470 Isl,N
Do (I .G . LOW .AND. I .LE. IGH) GO TO 470

DO'60 J 3,:
4360 Z 11,J) ="( J:.)
47C--------NU LTIPLY BY TRAHSFCRMIATION .3ATRI TO GV-------
C----------- ---- VBC7C8S OF ORIGINAL FULL IIATRIX.-------------------

DO 490 J3=LOV.M
J=N.LO U-JJ
l8s() p(I IGH)
DO a90 I2LOW,lGli
Z20.10 D

00 '480 KaLOW,3
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480 ZZ=ZZ+Z (I K) *H th
": (ZJ =zz

490 C041TISLUE
GOTC1 -SFET ZBBOR,->NC CONVEE4TC! TO AN -

C t-EGNAJ FTER 30 ITEATIOMS ------------ -

10o BEURN
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SUBR~OUTINE 3ALEAN NM NLCW ,IGE,SCALE,%!Z)

IF MG !Q 0) GO IQ00~
IF I GZi No. Lcw) GO TO 30
DO 0! 1LCW,IGHi

C- --------------LEFT 9AND EIGESVECTCSS Aa; BACK R:3QE-------
C ----------------- IF TEE FOPEGOING STA'24E'H Is REPLAcC-3y---------
C----------------- S1l."c/sCAL.E 1).----------------------------------------

DC 10 Juldl
10 Z (1 ZZ (1,J) *S
20 COAIfI'AgE
30 DO 5011,

IF 1 .0. O .AfhD. I . LE. IGH) GO TO 5)
If (1 ALT. LOWJ) I-LCW-IIT
KwS AL!Z 1)
IP 4K .~t )GO TO 50

Z (,3)
I Kji =5(.

40 CONTTIUE
so CCNTI~iUE
60 8!7ual

ENC



SUBBOUTI5N 3 HB(NM!4! 5LOW f IG H, Fi p ,i I JERD

RNIOGR I . ' L:*.c Al:lN"1IGH. ITS,Z.LOW AP2, 2,:3B
3EAL-'3 P.3 T,5'?I kY.ZZ,.'oRP,MACHEP
3EAL*. 0 Dt5Q7TCES1S:GNI
INTEGER HlIo
LOGICAL NCTLAc
OITA AkCblP/Z '41OCOOCO000O000O/
TI0!O
sCsmuo.0r0

C----!--SrODE FOOTS ISCLITED 3Y BAIANC AND COMPUTE ~AAT711 'NC - ---
DO 20 I=1,J
PC 10 J=K I

10 !ORN=NOP3+OA3S (H (1,.1))
KaI
IFI 11 G. LCE .AND. I .LZ. IGH) GO T0 20

al)=H(I 1)

20 C cTN o

T-0.300
C ---------- SEARCH FOB MET ZEAUS-
30 11 (EN .LT. LOS) GO TO 250

ITS SQ
Nh=EN- 1
ZNdN2x NA-1

C---------------- LOCK FOR SINGLZ S.IALL SUB-DIAGONAL FL-73EN?- -------------
140 DO 5C LL=LOi4,7N

LzEN+L0ld-LL

IF (S .. 0.0)S=:'Oft
IF 4 AS((L L-1f *I.. ACHE -S) GO TO 60

60 x~H fl,EN)
IF L .EQ. ENl) GO TO 200
Ind ENl) *F1(lI,EN)
IF L Eci QNA )GC TO 210
IF ITS W Q 0 GO To 240
IF lITS .1NE. IC . AND. 1S .4Z. 201 GC :a O

DC 70 ISLCW , El
70 S-Clasto H !, A) ) +CABS (H (NA, EN L2)

X=.75 DO *
Yo1
go-0.L4375D0*S*S

so ITS=ITS+1
C --- --- LOOK ?OR TWO CCNSECUIVE SlIALL SUB-DIAGONXL ELEMENTS.---------

DO 90 3fl-L.4Mf2
aN112 +L-MM

RU H (NI 
, )+H 1,)1+1

SoCABS (P) *CABS (Q) +CAES(R)
Pap/s

I1F (M 20. L) GO TO 100
IF DSiN (id,S-1)) *(DkBSjj) + DAbSfl)() jLE. AACHEP *DABSMp

I * DAs BS (H 131 + DABS ZZ) + DA ~S(H +1;,4+1)) Go T01O
90 CON IILUz
100 RE2=,112

DO 110 I82 1Nj 1.1-2) aO.0 DU
IF (I . Ec. 'P2) Q.C 'C 110

110 cNN

119



C ---- DCI3:. "R TF :\VCLVIIG ROWS L TO EN ViD COLUMN3 M -
DC i)0 K=,.A
NOI.LAS=K.NE. !A
If (K .2j. A) GO '.0 123
Q, . .(,: K, K-K) I

IF (IOTLAS) -S(K*Z,K-I)I=DA3 (2)+DABS(? ) +A S (3)
IF (( .ic. 0.0 O Td 190

120 S=CSI N (CSQT (F P+Q*C+R*R),P)
IF (K .Z_. 5) GO IO 130
W|o- 4)=-S*)[
GO A.0 c0

130 IF (L .3f. 5) H(K,K-1)-E(K,K-1)
140 PwP+Sl=F/S1 E/S

C- -------------------------- ROW MOrIFICATION ----------------------
DO 160 J=K,EN

, jl+Q K + I i,J)
I IC . .O.LAS) .0 TO 150
P=P .'R (K+2, J)
H (9#2, J}, ( k ,Jl:?- o,.'

150 H (K+ I,} ij (K leJ)-*Y

H (KJ) =4 (K,J) -i*%(160 CCN' IO'

JnMINO (ENK+3)C -.. -------- CO LUN," N O. IICATI3N----------------------------
00 180 IL,J=X" (I, K) l'Y*H (I, 14+ 1)
IF (.YCT. VOTLA5) GO TO 170

F+ZZ*H (I,K+2)H K+2RHI:K +2 =PlR
LI (K) -H (I,) -E)

190 CONTINlUE
GO TO (40

C - -- -------- ONE ROC7 FOUND------------- ------
200 MR IEN) =+I

I (1E4) =0.000
EN-NA
GOC TO 30

C ---------------------------- TWC ROCTS FOUND ----------------------------
210 P=(Y - X)/2.3C0

Z=DSQRT ( IBS (C))
X +T

I (Q *LT. 0.0£0) GO TO 220
C- -REAL AIR ----------------------------------

ZZ=P.OSIGH(ZZ,2)
MR (NA) =I+Z
1D (ZN) va (11A)
IF(ZZ .1. 0.OO) iB(EN)=X-W/ZZAI(l) =0DO

II (EN) -O.ODO
GO TO 230

C--- COMPLEI PAIR -------------------------------
220 MR (NA) =Z+E

MR (Eli) =+
9I (NA) -ZZ

230 EN-EN 2
GO TO 30

c ---.----------- SET IFFOR - NO CONVERGENCE TO
---OR--Z-- EIGENVALUE AFTER 30 ITERATIONS -----------------------

250 REIURN
INc

120



SUBROUTINE PS:CALIN2, ,S ?Aj-gj GW G C~d JlYS au
1 EBGE,N4G,GAM, £CL. ,WR4. Z A I2J? , Di.aCC!
2 IPSD,INOBiM)

C PSDCAL COMFCIES TEE PSD CF CUTPVJTS CE CONTROLS OF
C A CONTROLL.IC SYSTEB
C
C LYOS I OUTPUT PSO
C 2 CC"*TziOL ESO
C =-3 EClli Ju:pu:, AND ?3Z~L
C
C = IPSEl F1
C 3=2 ;SC AND TF RES:DUES
C =
C
c INCEM1= 1 2 MG NCR'IALZED 3Y ITH PRUCTSS 40S
C N61:.NG*tC SO ALIZEL JY ITH '1gAS !CISE_-

DOUBLE PBECISICN FAXGijVC 4 d FEGE GMAtCL F ;;a . 1 fl2 IES,

CO!4PLZX 016Z0.Z;,ZZ
DIMEN;SION ?XN2,32) ,Xp42 A~2) GW(eJ2,nG) cC,:r:i'i( 2  i i [ICO si

25 2 , 3L.5 (42) ,C(NG AG) A~ (NO-.NC),PS5 (0) (35) ,B13 (: ) ,CC(42) ,oV (4.,
3U C)4(1 C.,121 EWI(4)

DATA DwII 0 ON12Dc 62.00, 10.Z30/
17 (lD .EQ.Q)
IF(VOL E.0)IOS

IF (IPSO .GT. 1) IPT=l

IF (IX .G'E 0) iRIT? (6 J30) ix
I? (IX .LE.0) dalIT! (6,3L) 1B

NSCQ,%2*N2
C------CO~P'IEEIGENSYSIEM 0F CO%.TR0LLZE SYSTFM'; FORM.I--------

CC 10 1141NS
D0 10 31 iAs
F A(il.J) -A& T, J)

10 FA( N3+1 IJ) 0.00
00 33 131,U
DO 30 3144NS
STUO. 00
DO 23 K31lk40

20 ST=ST+ FBGZ(I IK) * 1KJ)
FACT 1,lS4.J)=-ST

30 FA(Ng I NS+J) (1.j) -ST

C-------------------TO AOV------------------
CALL 3ALANC (N2,.i;,fA,L0W ,IHTGi1,0ll
CALL ORTHES (N2, N2 ZCW -INGH,!A,Z2)
CALL OBTFAlI (12 '12LOWLHIGH EA 2)
CALL IIQR2 (4J Wg.LO IHIGH, F, 13,.d I,I EB)
IF (IE 8 ..E. 0) GO .0 320
CALL BALBAK N14,N2,1C ZBIGHrrl, 42,X)
CALL aAPBNT f~,J,2§X,4, fis11,1 P013.6)

C-------------- DEEUG ABCVE;DElZEI~iN COAL 3IATBICE -------------------------
IT (110 .1EQ. 1) GC TO 60

C----- ---- --------------iSOB-------------------------------------------
DO 50 1-1 sC

00 80 J-1:.11
VC 40 K2 I NS

70 ST-ST4E (1 K) 'lIP .) -!(SK3
s0 Ho (I J) Sf

CAL T6 BN 904CN.,T,')~(x p1.))e
C------ ------------- HSBG AO---------------------------- -----------

60 00 8 1-1121

J = 11



90 CALL M INV NZS X~ ST D1,02)
CALL RkPRN-? (N ,N2,-,2,5~ Ea ((,1 3. 6))'

C ------------------------------- GS f-------------------------------------
DO 110 Ial IN2
DO 110 J ,1.SG
ST=O. 0 CO

oo iao K,Ns100 ST-X(I S + G A (K,J)
110 Gw (.j)~S

CALL RAPEkNT (Ni2,:12 4G,9,G Q~, 4 t9 1K, 1P 13. 6) *
C-- D0EBUG ABOVE. 3JS 3L 6TrNALZIO-

IF 11NOR5 .LE. NG) DNOR1.D0/C (t:OaM,1NOQiB)
IF (INOM .GT. NG) C~ DO' (1 ~~IG ORS-IG(
C-D1E14E FA~T0iG CONTRC LED1 SSM----------
E!'AX0O. .0
D0 120 1 a1 N2 *II*2
E3CD=D ABS4( &~**S +IT*2
IF (MOD .G . IMAZ ) EdAXvE3CD

120 ccTI NUE
EM0D=l3SgET (EBIAX)
E MOD-2* ',CD

C- ------------------ O:;D UP TO VEAREST 2.&4,5,tj,13----------
SLOGD0LOG10 (EMOD)
IF SO LT. 0.LC) 10 W-IDINT (DABS (ELOG) + 1)
IF~ BLOG .GE. a.DC ro=os' E3;

1? EMAX .GT. A.ZC) zODM2.D0
1F (S!MAX .GT. 4-"C) MD00L.DO
11 (EMAX .GT. 5. ZC) M EffD-5. DO
IF (EMAX .GT. 6.)CI EMO D =8. ;0
IF (El AX .GE 10.t r0 LEOD=1 0. o0

DUZBMAX/20. 30
C-------------------------- AflO 10 Po",t EAE J------------

~EoD-1LT. 5.3) GC To 130

GC T0 1L&g1.30 EMAX=5.DU
1K;2

1'&0 CCIITINU1E
C--------------Sd 30 F2ECUENCIES------------------------------

DC 15) 1.1,20

DO 160 1-1,3

I X=flOD (I K+521 ,3)+1I

IF (1 E.2 .ANC. J .GZ. )3

160 Wc P+~ (IX)y E*O+-.JI~
11;4ODAIK 13) +l
W( 0)z Oi1(IX) *10**(1P0W.3 +IK-2)

C-------------LARGE LOOP '1550 OUTPUTS------------------------ -

IF jIYU .2Q 2) N1LNC

D0 170 1. 1:30
170 PSD(I) =0.0
C--------------LOOP THRU PROCESS NOISE-------------------------

DO 223 1=1 MG
DUI-Z0ORII* (I 1 1)
I? (IO .EQ 1 *AD P 1Q*1) R~T! 6,5)
IF (IYU .1. 2 ANN. IPT .Q 8* I)I VIl (6 3601 rL
IF (IrU.!Q.1) CALL 35510 (I.Ll ,,JCP ,NG,Gt,:IL ,iIYAR:.
IRIS B3 CC IPT)
IF (IY6.11.2) CALL 251 (.,2,FNGGL.1DiEI
IRIS 33,CC 1PT)

DO 110 K~s 2

00 2 1,N2
II P(f1)) 2001, ia q0

122



ZZ=R:S QI) /ZD+ ZZ
GC TO '00

190 a Ew iR II
ZD=DC.IPLX(R'* + AI**2 - ON *%2 -2o DRE*03 1

Z7 ZZ" ZIZD
200 CC4Tl!lUZ
21J PSD4 K~zt SD(KJ.Dbils(ZZ*DC0YJG(ZZ))
220 Coli 1. U

D0 24-1 I1_4 2
DO 240 Jzl,NO
ST=O. 00
DC 230 Kl'I

2.30 ST=5S4X (I EEfJ 1(,N K Ff KJ
240 G V(I J) -I' EJ (,SK)FC(,)

CALL aAPENT (2NO3G,4 9I,1D..))I
C--------------DEBEIG ABCVE, LOOP TNEQ 31EAS NOISE----------------------

DO 300 I=1,NO
DNI-DNCRIB'R (1.1)
I F UIT .I0 1 ANC. UPT .Q*1) FITE (6,370) 1,L
IF (ITO .Z~ . 2 .AbC. IPT .1 )WHITE (6, 380) 1,1
l (IYri.EQ.1) CALL RENSID (1,L N2 ,JC?,NG,GV,:iL J: 'Iola , W,RES

I BB CInT)
IF tgn.26.zi CALL BESID(.,2J?1OG723U4,IPS
1 aBC 1c2P
DO 290 Kic..3
ZZ DCYPLX (.cc'o.ro)
Or z~ 4 ")
Dc20 I1N
IF AwlI 61I)) 27C 250 Z60

250 Zr= 0Cl PLX (-VR (TI) OA-WI (11))
ZZ=,Z+ aES (11) /2D
GC TO 2-70

26C 8E=oi (II
l1.=41 (II
ZD-OCIPLI(RE**2 + Al**2 - Cl;*24-2.DO *RE*OM)
ZN-DC3PLI REES (11+1) *AI-RES ( I)SRE,n s (1I) *0fl)
ZZ=Z'+Zs ,D

270 CCNTINUE
IF (IYU .EQ. 2 .CE. I .NE. L) GO TO 280
PS C (K) = SC (K) +EN 1

280 P SD (K) =PSD (K) +D0N 1* (Z Z*DC 0 NG (Z2))
290 CCNTIYOfE
300. CONTINUE

Ii ITV E!Q. 1) '4RITEJ (6390) L
IF (IYU .1.2) , EITE (6 400) L
WETE (6,410) (V(I).PS (i),1=1,30)

310 CONTINUE
SETURI

320 CONTINUE
CALL ESEXIT (N2,EA,IERR)
REURNa

C -------------------------------------------------------------
330 FOBRiT (,',41H SUDSE8TJENT PSD IS NORMALIZED BY 1EA3 74. 13)
340 1FOESAT (/ 50H SUBSE UENT PSD IS NORSALIZED BY PH0CESS NOISE 10.,13

350 ?CfaAT (/38H 15185113 FUNCTION ?RCd DEOCESS X013E .12,3H 10,1.33 ME
1ASU3EMEN T 12)

360 FORMAT 1/36H THANSFEB FUNCTION FROM PROCESS 301I3E g12 ,3H T0,98 CC4
ITEOL 1,91

370 FORMAT 1/36H TRANSFER FUNCTION FROM SEASORE3ENT .12,16H TO 3EASUB?

380 FORNAT(/36H TRANSFER FUNCTION FROM SEASUREdENT ,12, 12H TO CONTROL

390 ?6suuAT jlH PDsCF CUTPUT,13,32H FCBCED BY ALL SOISZ-(RAD FRED,.

400 FORNAT AJ15H PSD ~F CCNTECL,13,32H FORCED BY ILL NOISS-(RAD FREC,
1 153802 ALIZEC SC/

410 f083A1 I(X1(11LI1.11l.3)

123



SUEHOOJTII ERIXIrT (N.A. IERR)
C EREXIT REIURNS THE NUMBEB OF TBE EIGENVALUE WHERE HQR2 =
C FAILS, THEN STOPS THE PBOGRAM.

DOUBLE PRECZSTCN A
DIMENSION 10M.N)
WR:TE 10) EB(
CALL RIPINT (!,N,,,9,A,(, 9(1I,1lO13.6))')

10 FORMAT' (35H~ FAILUBE IN HQE2 0N EIGZNVALUZ NO. 13)
END

124
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C II=SS3SSS = SS=SzS5*-- -- S€3--- =====t==---S-- s3Sinin333flss ~u t3fls

SUEB01TINE REACE NSISAF,3A)
C INTERACTZVELY ENTERS THE oF" ..ATRIX ELZME4IT BY ELEMENT.

REAL*8 BAjSNS) DuP ANSSINTEGER 1.JK.L,W S.9ASF
DATA IY/'''/ Z/'E'/
IF (iSAF.20.i) GO TO 40WRI TE 5 o30)
DO 20 a=i ,NS
L0 10 3=:1 US
WRITE 5 20l) I
CALL 111 ?hL(~)BAIj.J4=ANSR

10 EDI V:A
20 CONTI4OE
C5 ----------------------------------------------------
30 CALL ?RTCMS ('CI SCRb ')
40 CONTINUE

VRIT- (5 1l40)
CALL IATHT (EA,t5,NS)

50 WRITE 45 150)
CALL RliCLCR (IANS)
IF WIANS.NE.1) .AND. (I5.NE.lZ)) GC TC 60
GO TO70

60 WRITE 8,160)
GC TO 0

70 CON.TIN(UE
IF (IANS.Q. IZ) GOC TO 110
IF (4 &N4.ZO.. GC TC 8O80 11ZT a 2( l1,O) )

CAL RDANS ZAK= £A,IS
WRITE (5,180)
CALL aDINT (IANS)L=IANS
WRITE (5,120) K,L
CALL ROREAL (ANSE)
DU,=ANSR
DO 100 3.=!,NS
DO 90 J=I,,is
IF ((I.!Q.() .AND. IJ. EQ. L) ) B(AI,J)=0U.

90 ccwNT I. a
100 CONTINLUE

GO TO 30
110 CONTINUE

CALL FSTCMS ('CLRECUN ')
RETURN

120 FORMAT (5Ix 1HIRE ELEMENT P ,12,1 2 22HJ, )130 FORMAT (/ x36EE NTER THE SYSTIA MATRI "F"-1ATEIX ,//,10X,tlHDIn
1EISION = IATES NS K # STATES NS

14'0 FORMAT /,151 33HTHZ SYSTE3 PATRIX 'F "-!.ATRIX .//)
150 X,5A H4OC YCU WISH TC CHANGE TOE VALUE OF Y MATRIX ELEE11 ENT? //, IX19STYFE "YES" OR "1O".)

160 FORMAT (IX,51fHiABNING: IMPROPEB DATA ENTRY! EN1!R "YES" OR "NO".)
170 FORMAT (5x 50HENTER 7HE RCW 4 0IBER OF THE ELEkHEST TO 34 CHANGED.180 FORMAT (51X53HENTER TE CCLUfM NUMlBER OF THE ELEMENT TO BE CHANaGED

!+12
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SUEBOUTINiREAH INCNS ISAH.RCl14I.TERACTIVELY{ ENTER S TH{ ,M"tFIA MZ EASUREMBS.T SCAL:IG IAT2-'X

a AL9 BC (NO Ns) ,n0S,ANS3

C -- -- -- -- -
C TEIS IS AN EXAMPLE CF CNE POSSIBLE' ETHCD C? AREAY GZzERATION -

C WITHIN :!?F PFOG;RA ISELF. FOR VERY LARGE DATA A23AY$ , 'iIS M.ETHOD =
C BAY E: REFSABL! TC SOM-E USERS OVER LNTL-ACTZNE HNT Y C? ZAC =
C ICIZVriDU\L ELEMENT.=
C - -- - - - - - - - - - - - - - - - - - - - - -

D0 2 IS1 1,1C D0 1 I513
C NC I, J OD+ l
C BCii (11 2115200iCG
C 0 2,7t 0.5730D+02
C C 13,74 .IOOOD+o1
C Cl 63 0.57300+02
C C (5.6 2 = 0.10005+31
C H c(676) - 0.573,)D+O2,
C HC (44 - C.5730D+02
C C (8 45) 0.5730D+02
C C 9 46, 0.5730D+02
C 1O(1,4 ) 0. 730D+02
C C(11,48) 3.5730D+02
C1 CO'TINOuz
C2 CONTINUE
C GO TO 90
C3 CONTINUE
C------------------------------------------------------------

IF (ISAH. EQ. 1) GO TO 40
t BITS_ 15,1 0)
1c 20 -1l,:1O
DO 10 Jai NS
V BITS (5 .10) 1 ,
CALL aDRfAL (AiSH)
BC (1,J) =ANSR

10 CONTINUE
20 CCNTIN1E
C-------------------------------------
30 CALL FBTCMS ('CIBSCSN )
40 CONTINUE

WsITE (5,130)
CALL 3ATPET (RC,NC,NS)

50 V SITE (5 140)
CALL DCAAB (IANS)
11 4(IANS.1. I).I ND.(IANS.IE.IZ)) GO TO 60GO TO70

60 WRITE 15,150)
GO TO 50

70 CCUTIN O
IF 4 IANgS.ZQ.IZ) GC TC 100@RBTE (5 lbO)
CALL DINI (IANS)

V IT! i5.17t)C ALL SO'fI§T ( ARS)
LsIANS
6lITE (5.110) K,L
CALL P RAL (ANSR)
D1 33ANSR
DO 90 I=1,NO
DC 80 Jwl,NS
IF (tI.EC.K).ABD.IJ.EQ.L)) HOII,J)=DUi

80 Cc 11T6E
90 CONTINUE

GC TO 30
100 CONTINUE

CALL FBTCMS ('CL3SCDN 1)
N El RN

C -----------------------------------------------------------
110 FO'3AT (5I 141HTRE ELEmENT H.2.1 .12 2H)=)
120 FOUa AT (/ I 9,5OEENTI THE %1AS.£NT ICALING MATRIX "H"-,ATRIX

I,//,10I,47HDIMENSICN # CBSFIVATIONS NO 1 4 STATIS 3S

126
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140 c3~h ,y5.5' CC !CtI 113K TO CHANGE THE VALUZ OF' ANY SAT31X ZLII
12NT*,11,10X 191VT!FE "YES" OR "!WO".)

150 POBaiT (1 I1HIARNI4G: tI1PROPES UATI E!4T'RY! ENTER "YES- 01 "54O".)
16 ?OH.3AT (51,50HENIER THE RC'd NCUHB OF THE ELE.IENT TO BE UANGEr.)

170 POSBAT (5X.525!NTER THE CCLfli Nr~IEI ER OF THE ELZMEM'T ZO PE C*IAN'3UD

IIN
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c READO3 rp~NCz LSUR:! FEED-5'OaVARD DIST. :iA'2 IX.

BEAL*4 C(!Io. NC) , CtI , ANS a
INTEGER IANS I ;3A L
DATA lY/'YV/,lf, Nr

1

DC 10 J=1 NIC

I RITE (5,;00) 1 1
CALL ROHFAL (ANER)

30 CALL ?RTC S ('CL35Cl;N 8)
WBITZ (5 120)
CALL IAJfT (O,NC,NC)
CALL RDC(' (IA ,JNS)
IF ((IANS.SE.1I) .AID. (tANS. NE.IZ)) GC TO 50
GC 0O 60

50 W RITE (5,140)
GO TO 4 0

60 CONTIM GE
U fr9ANS.10.IZ) GO TC 90

CALL 4 (A 10ANS)
KSIAkIS
11BITE (5,160t
CALL 30INT1 (.AANS)

CALL aDRPJ.L (ANS71)
DUM*aAN SP

Do 70 J-l,3c
70 1 4 1E . ANZ. (J.EQ. L)) D(I,J) =DU M

80 CONTISUE
GO TO 30

90 CONTINUE
CALL FRTCMS (#CL2SCEN '
REITURN

C------------------- ------------------------ -----

100 FCB21AT (5x 1IHIEL ELEMENT DC 1 HL &I2 2H)=
110 ORMA ,~XSL6RNLE8THE EASI~.E ,Fl .DTHREOUGH IATREIX / FEI!DCR

CISIRIEUTIO N MATRIX -" 1-,ArLX .,//,BX,49UDIENS::oZ
2 s BSEHVATICNS NC X 0 CONTSOLS NC

120 FOBllAT (,,5,CTE FEEDFORWASO DIST RIEhTI0N 3ATRIX "D"-MiTRIX

130 i6/Btilkr (//51,515C0 'LCU WISH TO CHANGE THE VALUE OF ANY SATRIX ELEM
IEN? IX,1HIYB -ES- OR "NG".

1410 pogNI 1 ix 5HWARMING: IMPROPER DTA ENTRY! ENTER "YES" OR "10".)
150 FORMAT 51:50HENTER THE RCJ SUIDER OF :FE ELEMZNT !O 5 CHANGED.
160 FOB3AT (51.538NTER THE COLORS SMER OF THE ELLMENT TO BF CHANG 0
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SBOUTINE IEJEG (NS,NC I SAGG)
C INTERACTIVELY ENTERS Mr "G" BAHI4C CCNTROL OrSTRIBUTO0d IATpRX

Ealts G(NSNC)lr 1U, ANSR
INTEGER IANS01 j X LISAG

IF (SG.Eg.i) GO'TO 40

11RITZ (5,110) Jj
CALL ROREAL (ANSI)
G IZ.J) =AldSR

10 COlTI!UT
20 CCSNlUZ
C ---------------------------- - - - -------
30 CALL ?RTCM!S ('CLBECHN 9)
'a0 CO 4IN OR

WITE (5,130)

CALL AATFjT )(G.NS.NC)

CALL R0CHAR,,(rANS),
IO ((O 70sN- IY .D. (IANS.NE.IZ)) GO TO 60

60 WRITE 15,150)
GO TO 50

70 CONTIIUE
IFIANS.EQZ) GC TC 100
lilT! (5 ,196)
CALL RDINE1 (TANS)
K=IANS
iRIZ:. (5 170CALL aRlf;;T ( ANS)

WITE (5,110) N,L
CALL RDREAL (ANSS)
DUM=ANSR
00 90 1=1,14S
DC 30 J=1,iC
IF (.T..A30. (J.q. L)l G (1,J =VU M

80 CON41, TI NO
90 CONTINUE

GO TO 30
100 COITIN UE

CALL FSTCMS ('CLRSCBN '
R ETUR N

C--------------------------------------------------
110 FOaNA~iT (51 14H'IHE ELEMENT G ,12 1h, ,12 2H)=)
120 FORMAT (/ NTER THE CAUNT ROL DIS TiBUTI ON .lATRIX "G"-SATSIX

1./ lolXA3 H6IEEICN z 0 STATES NS X 4 CONTROLS NC
130 PMaM11T (//,101,L47HTNE CONTROL LISTRBUTICN MATRIX "G"4-MATRIX

1140 MHAT (//5X,5J4FOC YOU WISH TC CHANGE THZ VALUE OF ANY MATRIX ELE11
1ENT?// lCx 19RTIE "YE-S" OR "NC")

150 0 FO~T1,41HANING: IffrROPER DATA ENTRY! ENTR -YES- ORN"No".)
160 PORINT (51.5 3HENTER THE RCN NUMBER OF THE ELEMENT TO BE CHANG ED.)
170 FORllAT (51,53HENTEE THE CCLU!!N NUMIBER OF THE EL.ZMENT TO BE CHAN4GED
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SUBROUTINE REAZ)Fa (NC,'IS E3OC)
C ENTERS -IE "C" MATIX' FEDBACK GAIN CONTROL ,lA.RIX . =

RIAL"? FEGC(NC,'i5) CU4,ANSR
INTEG!R IANSer Ji,

WRITE (5,11ODC 20 I=Itic
DC 10 J=I ,S
WRITE (5 00) 1
CALL RDBIAL (At)
FBGC4IaJ)xANSR10 CCNT N E

20 CONIT!NUE
C ---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

30 CALL. FTC.S (OCLSECEN ')
WRITE (5 121)
CALL lAT§ET (PEGC,NC,NS)

'40 WRITE (5 130)
CALL RDC6AR (IANS)
IF ((LANS.3E.r1) .AN. (IANS. NE.IZ) GOC TC 50
GC TO 60

so WRITE (5,140)
GO TO 40

60 CONTINUE
IF (IANS.!Q IZ) GC TC 90
IRITE ES.150)
CALL 3DLhT (LANS)
RMIANS
V RITE (5 160)
CALL. RDIH' (lANS)

WRITE A5 1O) L.
CALL R HAL (AN52)
DU3-AVSR
DO 30 1-1,NC
DO 70 J=1,US
IT c (. AN. (J. EQ.L)) FBGC(IJ) =DUM

70 CO'iTL N tiE )
80 CCNTZIUE

GO To 30
90 CONTINUE

CALL FRTCMS ('CLiSCRN ')RETURN
C ----------------- ---- ------ 1--------------------- ----------
100 PCBMAT (5XI14HF'EE !LEMENT C( 12 H,,I2,2H)=)
110 FORMAT (,oX 52HETNM THE FEiEilCK GA I, CONTROL IATRIX "C"-l.ATRII

1 A: 1 h X,4ifIESIN CONTROLS NC x * HATES NiS .)
120 11f4 (.,10'R,'5lHESFEEDBACK GALIN CONTROL MATRIX "C"-I5ATSIX /

130 6ORMAT (//5X,54HDC YOU WISH TC CHANGE THE VALUE OF ANY SATRHX ELZT
1ENT?//,C1 19HTYEE "YES" OR "NC".)

140 FCBMA41 ix ,1HANING: IMPROPER DATA ENTRY ENTER "YZS" OR "NO".)
150 FORMAT (51,50HENTER THE RCW NUIBER OF THE ELEME:4T TO BE CHANGED.]
160 FCHMAI (5X,53HINTER THE CCLUMN NUMBER OF THE ELZZST TO BE CHAtalD

130



SUBROUTINE REALAY (NCArT GNtO MCSc ENTERS THE "I" MAITHT1 M ~~LOTFTCS ATRIX

BEAL*8 AY M)D!,Ls
TETG?2 1ASf.IJ~ Iv~As

DATA l!,yIII

Dc 10 ;1;N0
I RITE A5 100) I .i
CALL DRa L ( N 3)

10 CO , T NE
20 CONTIN UE
3C CALL FRTCSS (tCLRSCBN *)

W RITE (5 , 12 0 )
~o CALLH STSTO (1.CIN)

CILL RDCHA2a(A3
I (TAN S.JE.T2 I.ASND. (I ANS. NE. 12)) G C 'C 50

GC -0 63
50 WRITE (5,140)

GC To 40
60 CON4TIN UE

if (IANS.EO.IZ) GC TO 90

CALL a651§T (TANS)
KxItAN S
WRITE (5,p163)MS
CALL RUrTI(AS
LuXtANS
IRITE 10

CALL ASIA 100) K)
0 U:I2A,'SR

D0 70 1=1,NO
IF (I! . A NZ. (J. %.L)) AY (I ,J)bU 5

70 COVT,4 101 '
80 CCNTINUE

GO TO .30
go CONTINUE

CALL FFTCMS (#CLBSCEN #)
EXTU RN

C ------------------------------------- - --------- ------
100 PCBZHAT (5X,14HTEZEL!lE MT &S6 I 11.i 12,2H1)=)
110 FOAHAT U~'5 54HSNTER THE O!T ASUSEMIENT COST MAT21XI -All-'AT

1RIi .,/,-1.53 .DIMEbSIO1 = 0 CESERVATIONS N4O 1 $ 3BSERVAT104S NO

120 
2 

ARMllAT (/,5X,51i7HE OUTPUT MEASUREMENT COST IATRIX "A"-OlkTRIX

130 IMEHAT (//51,54EDC YCU iWISH TO CHANGE THE VALUE OF ANY MIATRlIX ELEM
1ENT? //,ICX 19HTYFE "YES" OR "NO ".140 F094i (1XA1lHWAZNIlG: IMPROP!:P DATA -fNT3Y! El4TER -TES" OR "O.

150 PoRmAr (sx 5ORENTER THE RCN MUMER OF THE ZLENENT "o BE CHANGEDA
160 FO8MAT (iSSHENTUIR TE CCLUNN NUmBER 0F THZ ZLZ3E~iT TO BE CHANG 0)
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SURNOUT, NE lEADS [NC 3)
C ENTERS THE "B" MARaI CONTRCZ COST WEIGHTING -IATRIZ

RIAL* 3 E (NC, NCQ ,CUM AN S R
INTEGER IANS,I 1 L
rATA IYI'Y' IZl N
WRIT 1 e

Ec i . '-
DC 11 J= I,:C

CALL 309 AL~ (A j3)
10 B (I,J) *ANSR
C - --- - - - -- --- --- - - - - - - - - - - - - - - -

20 CALL FRTCMS ('CLSC5N ')
'dITZ (5 110)
CALL AATBT (2,MCeNC)

30 UEITE (5,110)CALL 3DCHAR (TANS)
IC ((ICA2S. ( .1).AND.(IANS.NE.IZ)) GC TC 40
GC TO 50

40 RIT! J5,120)GC TO
50 CONTIN UE

I (IANS.E. IZ) GC TC 70WRIT:! N510
CALL A14T (.ANS)
KnIANS
WR ITE (5,1140)
CALL 9DIN (IANS)
L-IANS
WRITE I5 EO) NL
CALL 2 R.AL (ANSR)
DUNS .X Sa
DO 60 £=I, C
DO 60 J=I,Z;C60 ~ uIF ((.EQ.K) .AZ4. (J. !Q.L)} B(I,J)=0U

60 CONTINU4E
GO TO 20

70 CONTINUE
CALL ?RTCMS ('CLESCEN ')
RETURN

C--------------------------------------------------------------
80 FORMAT (SiI14 THE ELEMENT 312I2RSI2,21)
90 FORMAT /,SX,5TEEN11R THE CO'.96L COST WE NHTING IATRIX "B"-MATRI

IX / 10'. 
4 5RDIZENEICN = B CONTFCLS NC 1 f CONTROLS I C

100 FOR6AT ( //d0I37HTHE CONTRCL CCST MATRIX..............//
110 FO5MAT (//5,5 EDC YOU WISH TC ClIANGE THE VALUE OF ANY AT IIX ELEX

IENT?.//lOX 19HTPE "YES" OR "NC".
123 fOuMT '1X,51 HA3ING: IMr-ROPER DAA ENTRY! ENTER "YES" OR "NO".)
130 FORMAT 51,SOHNTER IHE RCV NU!BER OF THE ELEMENT 10 BE CHANGED.)
140 FORMAT (51,52BENTER 'tHE COLUIN 9IU33ER OF THE ELZ-ENT TO BE CHANGED

13D
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SUBROUTINE 3EADG2 (NS !fG,IGA, 2 Z.A1)
C ENTERS THE RGAM" EATIX FROCESS NOISE OISTIDUTION MATRIX =

REAL*8 GAM (S,NG),LUP.,ANSR
INTEGER tANS I ;o9L,IGAI
RATA IY/'Y'/, N /

U .~~A'. .) GO TO 40

DC 2 S
DO 10 J=1 'IG
WHITE (5,110) 2Z,J
CALL IDREAL (ANSR)
GAE (I, J) =INS3

10 CONTIN Ut
20 CONTINUE

30 CALL FFTCS ('CLaSCEN 1)
40 CONTINUE

RITZ (5,130)
CALL I AT T (GAB,NS,4G)

50 WHITE (5,140)
CALL RDCRAR (TNNS
IF (IANS.SE.I¥).IND. (IPANS. NE.IZ)) 0O TO 60
GO TO 7060 NEITE ( ,150)
GO rO 50

70 CONTINUE
I? ,4 ANS. !0.I2) GC TC 100
BITz (5 16 0)

CALL EDI1 (ANS)

RIT3R (5 170)
CALL.- IAT (IANS)
LxIANSWHNITE (5,110) K,L
CALL aDREAL (ANSR)DUHsANSB
00 90 Z=1,,VS
DO 80 J=l,NG
I? UI.EO.K) .AND. IJ.OQ.L)) GAEI1,J)=DU.

80 CONTINU E
90 CONTIN UE

GC TO JO
100 CONTIN UE

CALL FETCMS ('CL3SCEI ')
RETURN

C---------------------------------------------------
110 FORMAT (5X.16HTHE EIZ1ENT GAflI2 1251T
120 POBAT U ,K36EENTER THE PROE SS 1UTON/,SX,24H!AT1Z

1x NGA1 N"-H ATBIX .,/,2%,56UDI3XNSION S STATZS NS X 4 PROCLSS
ZNOISE SOURCES NG

130 FORAT,( .IOX,37AHE PROCESS 5CISE DISTRIBUTION MATRIX,/, IOX,19HI"GA3A"-41llZ .. ,"
140 FORMAT (Sz,5! WHDC TCI WISH TC CHANGE THE VALUE OF ANY MATRIX ELEM

lET?,//, 1OX 19HTYE "YES" ORI "140".)
150 ?ORMIT /1,I iAniNING: imrROPEB DATA ENTRY' ENLTER -YES- OR -NO".)
160 FORMAT (5X,5OEENTIR 1HE ROW NUMBER Of THE ELEMENT TO BE CHANGED.)
170 FORMAT (5x.53HENTEE THE CCLUMN NOSBES CF THE ELZ IENT TO BE CHANGED

1
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SuEROUTINI 2BAI:j IG, ]
C INTERACTIVELY ENTS .1 .,.* 1ATRIX '4OISE ETGIITNG A.T IZ :

B!AL*8 (NGNGJ , IxU., ANS i

DATA I/Y/,H t
wrTpi 1110
Zc &t; =I,
DC 10 J;I3G
CALL a a11L (AH3S:)

2&0 COST O( MGNG 3EI) GCtC5

3G CALL FRTCNS ('C.9SC N ')WBI ixT - (5,12:))
CALL AThRT {,NG,3NG)

S0 1 IES (5,130)
CALL RDCHA3 (IINS)17 11A'. N.).AN;D. (A-NS. NE. IZ)) GC TC 5J
GcO 60

GC TO 0
60 CO'TINU GEIpr4(AS.EQ.¢ GC TO 90

CALL AN£T (ANS)

V HRTE (5,E160)
C RA (,!)I (IA)5CL;,IANS
if ITE ?5.00) F LC ALL ADEEAL (iAW.)
D ,* AN Ss C SDO 80 I-I,NG
00 ?0 Jml,,NG
OIF4 S 2 O.CE S(J. IQ. L) (I J).=D.M

70 COCO EA U
80 CONTINUEGO TO 30
90 CONTINUE

CALL ?PTCS5 (,CLESCBISe
ETURN

100 FCB.MAT (51, 14BTEE ELEMENT 1"I;I,,12 2H) =)

110 FORMAT (//,5 NTR E CCSS CI I PS WEIG[HTING IATRIX/,5X1,12H - .."IT31X .. //.S .2HDIMEbSION - 4 EROCESS SOISE SOURCES N G
2 ,1 7X,279#FFEC4ZSS 40ISF SCUKCES NG )
rfOigiT //45X,42HIHE PROCESS SCISE ifEIGHTIVG MATRIX... .//

tEN T? /'lox 19HTYTE "YES" OR " O".
1410 FuOBT KW 1X,5H EZ G CnLE DA. ENR[ NTER -YES" OR O.
150 FORMAT 51 ,OHINIER THE RCW NUEBER OF TO!E LEMVIT r0 BE CHANGED.
160 FQ MAT 5Sx,53HENTER 11E CCLUMN NUB33R OF THE EL--ENMT TO BE CHANGED)
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SUB OT14E ;E ACE N RC)
C ENTERS IHE "B" 3ATRiX MEASUREMENT NOISE DLST31BUTION M.ATRIX

BEAL*i FC(NO,SO) 1rUp'A4sLI
ISJTZGER Ia:;S, 4"j P L.

WdRIT' 5
Dc i 10:iO
DO 10 J- '0
WRIT r ? O I i
CALL 3 DH!AL' (AHS )

10 RC;I,J)-.tNSa

2C CAL' £RTC, S (ICL3SCSS s)

CALL 3lhAT'(qC,sC,sC)
30 WRITE (5 ,110)

CALL ERDCEIAR (T-ANS)
IF 4  -fe!.Af.TNSN.) (;C TC 40

40 WRITE 15,120)
GC TO JO

50 CONTINUE
lFZ41ANS.E,?.IZ) GC TC 70

CALL Rli-T (IANS)

W FITz (5,140)
CALL I1DIN7 (IANS)
L=IANS
WRITE (5 60) K L
CALL 3 RfnLi (Ag-SR
D UMA SR
DC 60 I= 1,0
DO 60 J 71,YO

63 12 ( (I;T.EK) . AND. (J. EQ. L)) RC (I,J) =D UM
GO TO 20

70 CCNTIrNUE
CALL FRTCMS ('CIRECEN ')
RETURN

C-- --------------------------------------------

so FCBMAT (5x 14H3TEE ZLEMEIT R I~1H 1 H).
90 FORMIAT (1 ,SX,6CHE NTER THE NiSr.iM-qT CS DISTRIBUTION M"ATRlIX

l1t"NATRIX .,//,51,53HDIAENSI0N = #3SBS VATITONS A~O X 4 OBSERlVATIO

100 FORM!AT (/,,5X,SCHRfE SEAS17REIENT NOISE DISTSIBUTION J1ATRIX.. .

110 iH/MAT (,,55HDC YCU WISH TC CHANGE TFE VALUE OF ANY MATRIX :LEA
1ENT?/ // 1CL9ETYE "YES" OREMNO"4)

120 FORLRAT lx! 1HUiAEING: IM;RO E DATA ENTRY! EITER "YES" OR "NO".)
130 FP.4 NT 5X 5505!NTIR 'IRE RCW 3UPBER OF THES ELEMENT TO BE CHANGEO.
1440 FoamAT (5X,523!lVIEB 'HE CCLUMb NUMBER OF ThE ELEMENT TO BE CHANG -D

~Nc

135



C ass sssn as:Is wssfl sssn - flSS 5555: ws-Ssl sas lfl 52555555 5 55 z== St 5 =2555

c INTERACTIVELY ITZS HE "K" FEEDBACK GAIN ESTI.IATOR 3ATBI

REAL*4 FEG (4S,JC) ICTUN,AYS3
11i Tp 1ANS/ iZ''

W BITE I5 11 )
r, cg Ius
DC 10 Js: INo
WSITE (5 CO) I.J
CALL Ah UAL (ANUAFFBGE I JISAS$R

10 OTH
20 CONTTINUE

30 CALL ?RTCES ('CLESCE t)
W IT Z 5 120)
CALL a TfrT (FEGL,NS,4O)

40 WBITE (5 130)
CALL DCLAR (1ANS)
IF ((IANS.3-.I)..AND.IANS.4E.IZ)) GC TO 50
GO TO 60

50 WRITE (5,t4O)
GG TO '&0

60 CONTI3UE
II (IF S.!Q.Z) GC TC g
CALL aEi.T 764.s)

WITZ (5,160)
CALL 3DINT (IANS)
L=IANS
WRITE 15,00) tLCALL ERI JL (ANISE)
DUM=ANSR
no 80 I=I,%1S
00 70 Jjl,$O
I ((I.E.I).&Nf. (3..EQ.L)) FBGE(I,J) =DOU

70 COITIO.
80 CONTINUE

GO TO 30
90 CONTINUE

CALL ?RTCMS ('CLSCEN ')RETURN
C - !-----------------------------------------------------
100 FORMAT (51 74FTEE ELEMENT1 K I:1,22H=
10 FORMAT (I sI,54 EUTTB THE F EEEACK 6AM 3ST13ATOR IAT21X "K"-MATR

Ill .,//,ICX,8DtEENSIO = 0 STATES HS X # OBSERVATIONS S O .)
120 PORMIT (j/,15X,7TH FEED3AC8 GAIN ESTIMATOR 3ATRIX K-AT2IX

130 FCBAT (//*5X,1 54HEO YOO WISH TO CHANGE THE VALUE OF ANY MATRIX EL"
1RINT' //OX ,1TIFE "YES" CR "NO".

140 FMsAT .5s1INIG: IMP3OPE? DATA ENTRY! ENTER -YES" OR "NO".)
150 FORMAT (155 OHENTEV THE RC'N NUMBER OF ThE ELEMENT TO BE CHANGED.
160 FORMAT (5X,52HENTS 1HE CCLfbl NUMBER OG THE ELEMENT TO BE CHANGED

INC
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SUEBOUTIdE REArR INIE
C INTZ!ACTIVEL' E T EDS "'a0" STEADY DISTURSANCZ VECTOB

WIT- (5 100)
DC IJI NIG
RITE (5,A0) I

CALL 3DREAL (ANSDi)
WE (1) = ANS;

10 COITIN U

2C CALL FRTCMS ('CLSCfiN ')WazT 
"  

z5 110)
'

WRITE (5,90) RC),1N)
30 WRITE (5 120)

CALL alCLAR (TANS)
GC TO1 5S.0E.I ).AND.(IANS.NE.IZ)) GC TO '40GC TO50

40 WRIET 5130GC To

50 CONTINZUE

IF IAS.EQ.IZ) GC 
TO 70

WET (5 140)
CALL .0TAT (LANS)KZIAMS
EDIT -(5 80) K
CALL RDRfAL (ANSP)
DU34ANSR
DO 60 1=1 NiG
Io (I.EOA)

60 CCNTI:U'E
GC TO 20

70 CO3TINlUE
CALL FiTCMS ('CL3SCiN ')
RE TURN

C------------------- -----------------------------
80 FORMAT (51.15HIE ELEMEUT i0 (,12,2H =)90. FOEaA. (I12o.5100 FORMIAT (/,5 57H'NTER THIE STEADY DISTUREANCE VECTOR MATRIX "WO"-'.l

IATRIX .,/IIOX,4HDtIENSICN = P PROCESS NOISE SOUCES NG X 1)110 I
FO m '%I

.. /,/151,53HTHE STEADY C-ISTCTRBANCE VECTOR IATRIX "WO'O-,MAT21
120 FORMA / ,5'4HOC YCU WISH TC CHANGE TRE VALaE OF ANY AATRIX ELEM

1EIET?,//,1 6119ETYPE "YES" OR ',0".)
130 FORiAT (1X, 1RERNING: IMROPES DATA ENTRY! ENTER "YES" OR "NO".)
140 FORMAT (51,U50ENTER 'THE ROW NUtBER OF THE 4LENENT TO BE CHANGED.)

END
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C INTO A FORTRAN PROGRAII. LI THE USER lN&DVERTENLY ZNTES A NULL
C STRING TEE S,'R rSSUES A WARNIN4G AND ALLCWS A RECOVERY.

,6AL4 ANSR
INIZGGit CCUNT

COUXTs 0
10 CONTINU E

COUNTC CC.T1
IFI 4 COUNT 9LT.3) GC To 20

20 CONTINUE
READ)1 5*,END=30,ERR=30) ANSR

30 REWIND 5
WRITE 550)

40 CONTINUE
STOP

1RICAL VALUE..)
60 boalk? (////,2I..42Hr-fOGaAM KILLED - TWNO NULL STRINGS FNTESEDI ,/)

END
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C sCBROUTIN! ai vr -- INTERACTEVRLl READS AN INTGER RPLY
C INTO A FORTRAN PRCG&Ah. IF THE USER 1NADVERTENLY Z'::BRS AN I1,PROPED "=
C DATA CHARACTIR TR! S/B ISSUES A ;iARNING AND ALLOWS A RECOVERY. =

SUBROUTINE aDIlT (IANS)
C. INTEGER CCONT,IANS

COUNT- )
10 CONTINUE

COCUNT=C0 ENT4, 1
IF (COTNT.LT.3) GC TC 20

'I 45 6)GO TO o0

20 CC ITT! UE
READ (5. *,ENG-O oRR--LO) IANS

~o I?N 4 IANqS) 4J,'40,530o CC XI3UE
RETURN

£10 REWIND 5
IT 5,70)GO TO0

50 CONTINUE
STCP

C---------------- ------------------------------- --------
60 FCRINAT (//,5I..9ffE6CGaAl TERMINATION - 120 ZIPROPRR DATA ENTRIES!!
70 -BM&T (IX,56HVAR.'ING: IMPROPER DATA ENTRY! ENTER A POSITIVE tNT-1GI-R.)

EUD
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C sUPncI4E srCain -- flIEBAC.XY NEADS A CHAtRACTERSItl ~L
C us' oa 'NO') INTO A FOHTBIN PSCGRAN. IF THE Usz1 Z:JA0VIR"MILY

WISA 10L ~M2G TEE S/R ISSUES a ilAi?5ING AND ALLOWS X 3ECOVEa!:

SUBROUTINE RDCHAR (TANS)
INTEGER CCUNT IA'4S

C DATA

COUNT ;0
10 COITINUv

COUNT COUNT+ 1
I? :COUNT.LT. 3) GC Tc 20
iI ! (5 ,60)
GC TO 40

20 COITIN UE

E1IWND 5

HAD CZMw30,0RR-0) AS

11TURP-



CI

sslmlusln= =SRs== sflsswts =s=sfuzll sslfsz== zsatln=u=t3.c=--

C SUBROUTI4E MATPBT -- DISPLAYS A 1'C-DIMENSION&L &RaAY (16 COLS. MkX)=
C IN VABIABLE SCREEN FC3MAT FOR UlSER EASE IN 20'4 ZDENTFICAh10Ol.

SUEROUTINE MATEBT (EETTRNOW,NCCL)
IMPLICIT REEL*8 (A-EO0-1)
DIMENSION 'RTT (NEOWNCOL)

C -- - - - --- - - - - -- - - - - - - - - - - -

I N U.COL. 1.0) NCCL=1
IP (,COL. 8.1 WRITE 5,10) PRTT (1.3) ,Jzl "COL I=I,NRO)
IF (,COL.!Q.2) hii E 5,20) PETT(1,3) ,3=1.RICOL N,.ROW)
IF (NCOL.EQ . hITE 5,30) pETT {1,3 ,J- 1ICOL , SOa
IF (NCOL.1Q.4 PBIT! 5,401 ??TT (Il) , N 1: NcRL 0w,.2)
IF (NCOL.IQ. EIT! 50 1 PRT (IJ) ,jl COL) ..,iO)
IF (NCOL..@E) WR TE 5,60) ((PRTT (1,,J ,jl COL), .=1,.NOW
IT N~CO .2Q.7) WRITE 5,70) (IPRlT 13 , J1 zI CL) ,I= 1,3ROW1
IF NCOL.1Q.) WITE 5,30) (PRTT (1,J Ju1,:ICO L) =,H ROW1
IF (COL.Q.9) WRITE 5,90) PTT (I,3) ,J1 iICOL 2 I,.ROW)
IF NCOL.EQ.10 5,100) ((PR (1,J J31,NCOL 1I1,NR0V)
I (NCOL.EQ. 1 1) 1ARI T 5:110) 1(?ITT IJ) ,J= 1, NCOL I1,4ROW)IF 5, ITE 120) ((PRTT (I,3) ,J 1 3CL ,.ROi)
IF INCOL.Q.13) 4ITE 5,130 1 P(PTT (1,) ,J1 ,:COL' =1,IROw)
IpCO.Q14 ~l!514E0 ((PTT ( 131 ,J 1 3COL) 11. Eh

IF NCOL.EQ.16 4BITE 5,150) (PTT ( ) ,J, :NCOL TI.,,IROW)
IP~ICOL.!Q.5 WTE 5,160) (PRTT (IJ) ,J=1 COL X=. 1RO)

BERNT as FC-------------------------------- --- ---------

10 FOR AT (112.5)

50 FC!a;'T 5, E12r5
6 

FO R'.AT (2T1 .5140 FORMAT (6F12.5,50 FORMAT 145F12.5)
60 FO3.NAT (6F12.5/
70 FORMAT (6F12.5,/,,E12.5,/)
80 FORIAT 612.5,/,2.125,//}
90 FORMAT (6E12.5,/,6 12.5,//)
100 FORMAT (6F12.5 /,4F12.5,/,2 /
110 PCBMAT 6F12:5,5P.5/
120 FOR AT (6F12. ,,Fb12.5,/,

150 POMT& (6F12. ,/,6E 12.5,,. 2 .5,//)
160 FORMAT (6F12.5 ,/,6F12.5,/, F12.5,//)

EEC
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C 0B0?14 ETRT- DISPLAYS a T'4C-DII!NSIONAL ARBAY (16 COLS. MAX)-
C 15 TADIABLE SCREEN FCENAT FOR USER EASE IN 1OW IDENTIFICATION. z
Can s.s~aw su ns an n u flasa,.SSS235555 mS

SUPROUTIN! MATEBT JIM 4 N ,VNCCL)
INPLICIT BIAL*8 4A- 1 0 a

C DIMENSION P~RT (SBOW NCOL)

F NCOL:E8:11 N5CBL; 5, 10) (PRTT a NJ1~COL ti 4I1~ROW)
I? NCO .Q. 2 -T 5 t20~ OTET viJ A ,J*,,adCOL) W

IF CO:U Tz 5, 40 I ?TT 1,3)J ,J 4C0L) ,Ia. N.ci)
IF 'CO.Q5 0Dr 5,50 PRTS1J ,J1:ICOL t 'I?OWi
if !COL.!Q.7' UDI! ,7) PET (I: NJ1~COLI I=1,NROI
IT NCOL.I. -7 IT! 5,60 : '7T0 R IJ ,J=,COL ,I=1,NROW1U NCOL.EQ.8$ l E 5,30) PRS 11,3 MJ~CO L) ,I.1,4lROW)
IF SCOL. Q-9) WRT 5,90 P T? IJ) I jx 1JCOL) ,I31,NROn0

IT COL I ITE 5,100 ( TT 11:J) tJ1,NCOL : ,1=1,4RoU
IF NCOL.EQ.:11 V 1 T 5, 110) I PETT I1,3 ,J=I,NCOL) =I ,IROU)
IF NCOL.EQ.12 WRITE 5,120) (PRTT (1,3 ,J=1,'C0L) .1114RlOW
I F (NCOL.Ej. 13 W BIT 5:1301 4 P3TT (1,3) ,J1 NCOL 1 .1 1iROVI?(COL.Q WL RITE 5,140)CPT 1, 1JCL *ttNRU
IF JNCOL!.5 31!510 (E 113 31~CL I1NROV)
IfT'(COL!E 161 IRITE 5,1601 (PETT(ZJJ :ItMCL ,I ROV)

C- - - - - - - - - - - - - -
10 FORNAT (112.5)

FCORMAT (
ig S FOMAT i4E1i:5
'40 FORMAT (4F12.5)
SO0 FOHMATS (512.5)

0 F ORA T (6112.5)
FODMHA? (6F2.5./,E 12.5t//)

s0 FORMAT (612.,'? 2.~ ,//).
90 FORMAT (611.&# 25/
100 FORMAT C6F12.5,,,z4F12.5://'
I13 p ICURAT 16112 5,,c!P12 5, /iS FORMAT ( 6112 .5 9,F2 125,

IM FORMAT (6112.5,/,6?12.5,/,F12 5 /
140 FORMAT (6Fl1~ ., 6 FI 1:5,1'? t2~,/
1S0 FORMAT (6PI ,/,6F1 25 .,.3F 1,:5.//
160 FORMAT 'O12.,F12.5 ,,6P122.,,.

INC
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